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INVITATIONS TO ENGINEERS 


On December 5 to 8, 1916, there will be held in the Engineering Societies 
Building, 29 West 39th Street, New York, the greatest gathering this year of 
American mechanical engineers representing all branches of the profession, the 
thirty-seventh annual meetingof The American Society of Mechanical Engineers. 
It is anticipated that this will be the largest meeting the Society has yet held, and 
the most representative ever held in the history of the mechanical engineering pro- 
fession in America. 


Every member of the Society should make a special effort to attend the meet- 
ing, and the Society, in the spirit of its policy of service to the engineering pro- 
fession, willbe pleased to send an invitation to any other engineer. Requests for 
such invitations may be made on the form below. 


The programme of arrangements made by the Committee on Meetings for the 
professional sessions, and of the social events planned by the New York Section 
Committee, will be found on page 906 inside. 


Features of the programme are the presidential address by Dr. D. S. Jacobus, 
and reception; eleven varied professional sessions, each for the discussion of valu- 
able papers; a memorial meeting to Dr. John E. Sweet, who called the first meet- 
ing of the Society in 1880; an illustrated lecture and a smoker. 


Abridgements of papers to be presented and discussed at the meeting are 
printed inside and will be concluded in the next issue. Engineers interested in 
contributing to the discussion of these papers are invited to send in their contri- 
butions, which will be read at the meeting and published later. 





November 
To The Secretary of The American Society of Mechanical Engineers, 
29 West 39th Street, New York. 


Please send invitations of the Annual Meeting to 


I suggest the following names to discuss papers: 
Discussor’s Name .... Address 


Discussor’s Name Address 
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COMING MEETINGS OF THE SOCIETY 


Buffalo, N. Y., November 1, 1916. Subject: Motion Study, Frank B. Gilbreth, Mem. 
Am. Soc. M. E. 


New York, N. Y., November 14, 1916. Illustrated lecture on Submarines, by Charles 
H. Bedell, engineer of the Electric Boat Company of Groton, Conn. (See New London meeting 


below). 


Buffalo, N. Y., November 15, 1916. Mr. Russell of the Burgess Aeroplane Company, 
will speak on an aeroplane topic of general interest. 


New Haven, Conn., November 15, 1916. 3 P.M. Afternoon Session, Hammond Mining 
Laboratory, Mansfield St. Papers: Applied Metallography by Prof. C. H. Mathewson and 
Testing of Metals by Prof. William Kent Shepard. Discussion will follow. 

6 P. M. Dinner at Yale Dining Club, Prospect and Grove Aves. 

7.30 P. M. Evening Session, Mason Laboratory, 9 Hillhouse Ave. Papers: Recent 
Developments in Time Study Devices, F. B. Gilbreth, Providence, R. 1.; Processes of Facsimile 
Reproduction with demonstrations by Samuel J. Berard of the Mechanical Engineering 
Department of the Sheffield Scientific School. Discussion will follow. 


Chicago, Ill., November 17, 1916.) Dr. D. 5S. Jacobus, President of the Society, will speak 
on Society Affairs; Commandant William A. Moffett, of the Great Lakes Naval Training Station, 
will speak on Naval Preparedness; Major L. B. Moody, of the Rock Island Arsenal, will speak 
on Army Ordnance, and Captain J. C. Morrow, Jr., of the Aviation Corps, will speak on Avi- 
ation. 


Philadelphia, Pa., November 28, 1916. Subject: Aeroplane Engines, Howard Hunting- 
ton, Secretary of the Aero Club of America. 


Buffalo, N. Y., November 29, 1916. Subject: C. H. Bierbaum, Mem. Am. Soc. M. E., 
will talk on his recent research work on Graphite. 


JOINT SECTION MEETING AT NEW LONDON 


On November 11, 1916, mechanical engineers in the East—members of the Society’s Sections at Boston, New 
Haven, New York and Worcester and of the Providence Engineering Society—will spend a day at New London, 
Conn., where special arrangements have been made for a luncheon, an inspection of the plant of the Electric Boat 
Co., and a trip to the Sound to view an exhibition of naval submarines in action. Particulars will be found on page 
905 inside. All engineers—members of the Society, and others—are invited, and all expecting to attend are re- 
quested to sign and return the form below. 


November 

To The Secretary of The American Society of Mechanical Engineers, 

29 West 39th Street, New York. 

{ will ; ae , — : 

) will not attend the Joint Section Meeting of the Society at New London, Conn., 

| Boston-Providence 

on November 11, and will join the ~ New York-New Haven > party, and will attend 
{ Worcester { 


the luncheon at Hotel Mohican. 
I willhave........ guests. 


Name....... : 


ER iy eR! EEA | Se 









































1 Exrertor View or Fisk A 





ND 








QUARRY ST. STATIONS, 


THE PROGRESS OF ECONOMIC POWER GENERATION AND 
DISTRIBUTION 


By SAMUEL INSI 
HE first part of this paper is devoted to the historical 
aspect of the generation and distribution of electrical 


energy, and traces the growth of the industry from the point 


of view of the apparatus used. This part is of special utility 
is a source of reference; it is referred to briefly in this ab 
stract. 

The second part deals with some of the economic problems 
in connectio th the business, and is of current interest; 
it is here published full. 

VODERN GENERATING STATIONS 


CHICAGO, ILL. 
kw-hr. These figures will give you some idea of the enor 
production that electrical energy has achieved in the large 
cities of the country. 

GENERATING UNITS OF FIS STREET STATION 

The view presented in Fig. 2 is a view of the first machines 
that were installed there, so far as their appearance is con 
cerned. At the time we started to build the Fisk Street sta 
tion we first ordered from the General Electric Company one 
>, 000-kw., machine. We had expected to put l tourtee! ma 


chines—say 70,000 kw. We were rather impressed with the 


Curtis turbine as developed by the General Electric Company 


vives an outside view of the Fisk and Quarry Street 

stations on the Chieago River. The large building in the They had an experimental machine of some 250 or 500 ky 
center of the pieture Is the Fisk Street station and the build and my friend Mr. Collin, the president -of the eon pa 
ing on the left is the Quarry Street station. The Fisk Street wanted me to give them an order for a machine capable o 
station was the first large steam-turbine station ever erected. developing 1,000 kw. I told him that we already had a larg: 
Turbines of a tew thousand kilowatts had been put into use imber of reciprocating-engine units much larger, and to 
by Parsons of England and Brown, Boveri & Co. of Switzer to a machine of a smaller size simply because it was novel 
land, and one o German manutacturers:; but this was the would be a step backward. He finally agreed to take tl 
first station built tor steam turbines alone, and I think it was risk of building a 5,000-kw. machine if I would take the ris 
the first station built by an Edison company using alternating of installing it, the understanding being that if it would 
current as the basis of its generation. work we were to return it. we to be out the cost of installatio 

The capacity of the Fisk Street station is 165,000 kw., o1 and the loss to our business and the General Fleetrie Con 
247,000 lip.. and of the Quarry Street station is 84,000 kw., pany to stand the cost of the turbin« 
or 126,000 h.p. They are both run as one, under one organiza It is rather interesting to note here in New Haven that at 
tion, and together have a capacity of 249,000 kw., or 373,000 that time Professor Breckenridge. who was then the head of 
ip. IT presume that sometime in the next few years those the engineering department of our state university (Illinois 
two stations will represent a total of about 500,000 h.p. assisted us in testing the first units at the Fisk Street statio 

To show the magnitude on which the business is conducted, We put in three units. The first one ran as high as 7.800 
these stations have been run at the highest possible load kw., and the other two about the same—not because the, 
factor because the apparatus there, up to a short time ago, were intended by the manufacturer to develop that amount 
was the most economical that we had, 3,277,300 kw-hr. being of power, but because the necessities of our business ¢ 
venerated in the combined plants in one day. That was on  pelled us to get all the power out of them that we could 
the 24th of December of last year. In the year 1915 the two generate. Then we installed a fourth machine of large capae 
plants generated 961,818,000 kw-hr., and the total energy ity, of about 9,000 kw., and paid a premium because the 
venerated to date by those two plants amounts to 5.814.162,000 machine exceeded the guarantee. 

President, Commonwealth Edison Company, Cicage, | 

Abstract of address, copyright by Samuel tnsull, 1916, delivered at a joint meeting of the New Haven (Conn.) section tl LS.CLE 
A.LE.E \.1.M.F. and Am.Soc.M.E. under the auspices of Tink AMERICAN SOCIETY OF MECHANICAL ENGINEERS April 5, 1916 
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None of those four machines is shown in Fig. 2. The prog- 
ress of the art was such that with practically the same boiler- 
room arrangements, a little larger grates, and a little higher 
stacks, we were able to operate 12,000-kw. units, so we 
scrapped the first four machines and installed 12,000-kw. units 
in their place. The view given is that of the later machines. 
I think that scrapping operation cost us upward of a million 
dollars, and I think it paid for itself in about three years 
owing to the advances made in turbine design. 


LET THE SHOEMAKER STICK TO HIS LAST 


It is rather interesting to note the difference in method of 
people who run the business of the manufacture of electrical 
energy as a business and the method pursued by people who 
run the manufacture of electrical energy as a side-show. One 


of the most up-to-date steam-railroad systems in the United 
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slang) “ hand one” to the steam-railroad company and quote 
the old adage that “ a shoemaker had better stick to his last.” 

Several years ago there came out to Chicago a very dis- 
tinguished engineering commission for the purpose of gather- 
ing information to be used in designing a large plant. This 
commission decided to duplicate what we had—not what we 
have—but what we had. And for fear they would not be able 
to run it they purloined one of our men to run it, and they 
are still running it. What they copied has been in the scrap 
heap for years. I think one of the machines which they 
copied is erected in the yard of the General Electric Company 
at Schenectady as a sort of relie of ancient history. 


RUNNING INTO LARGE FIGURES 


Fig. 3 is a view of one side of the boiler room of one of 
our stations. If we had a complete view of the room you 





Fig. 2. TurBINE Room, Fisk St. Sration, Curcaao, Iu. 


States today is probably the New York Central line. I think 
they have two stations equipped with precisely the same kind 
of apparatus as that which we discarded several years ago. 

What is the reason for that? Their business is to manu- 
facture transportation. They might just as well be in the 
business of manufacturing coal as to manufacture electrical 
energy. It is a mere side-show with them. True, it has given 
them less trouble than anything else, but, so to speak, they 
are letting the water flow over the dam day after day in their 
electrical apparatus, because it is not their business to get 
highly efficient results in generating electrical energy. 

The way railroad men make their balance sheet show up 
well is by finding out how to manufacture cheap transporta- 
tion, whether of dead freight or live freight, and the way we 
central-station men make our money is by manufacturing 
cheap energy. I do not know of any better illustration, or 
any better case where we can (if I may be allowed to use 


would see that the chutes carrying coal down on each side 
give quite a Gothic appearance to the room. The number of 
boilers is five. The heating surface for each boiler is 12,200 
sq. ft.; superheat, 200 deg. fahr.; steam pressure, 250 Ib. per 
sq. in.; capacity in pounds of steam per hour for each boiler, 
50,000 lb. For all five boilers 60,000 lb. of coal an hour is 
required. 

A view of a turbo-generator erected in the Northwest sta- 
tion, Chicago, is given in Fig. 4. It is of 25-cycle, 9,000-volt, 
30,000-kw. capacity; total weight, 590 tons; length over all, 
60 ft.; width, 19 ft.; r.p.m., 1,500; peripheral speed of re- 
volving field in ft. per min., 20,000. That class of apparatus 
has taken the place of the vertical turbine shown in previous 
views. 

Our practice is to run a machine of that character prac- 
tically all the time. We get the best results and the lowest 
repair costs if it runs continuously, provided it is shut down 
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a few hours a week to see that everything is in order. It is kw.; 1902, 3,500 kw.; 1903, 5,000 kw.; 1915, 35,000 kw. That 
a class of machine which is being very largely used at this represents the progress that has been made. If there had been 


time and represents the most modern development. room on the diagram, we could have started out with the 











Fic. 3 Botters Suprpiyine 30,000-Kw. Unrr. NORTHWEST Station, Cuicaco. It 




















Fic. 4 30,000-kw. Turpo-GENERATOR, NORTHWEST STATION, CHICAGO, ILL. 


The diagram of Fig. 5 represents the capacity of generat- first direct-connected unit of 1881 of about fifty kilowatts. 
ing units at various dates, and gives some idea of the prog- I shall come back to this subject later on in the course of 


ress in the massing of production of energy. In 1887, 160 the address. 
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TAKING ADVANTAGE OF DIVERSITY OF DEMAND 


A load diagram of the maximum day of the winter of 1915- 
1916 is given in Fig. 6. It shows the relative amounts of 
electrical energy supplied to street and elevated railways and 
for light and general power purposes in the city of Chicago. 
The light and power business took 147,300 kw. on the 29th of 
November, 1915, which was the day of the coincident maxima 
data. The railways took 190,600 kw. on the same day, a total 
for both of 337,900 kw. The non-coineident maxima for that 
winter came on the 22nd of December, 1915, in the hight and 
power business when that business took 155,670 kw. The date 
of non-coincident maximum of the railway business came on 
January 6, 1916, when that business took 203,560 kw. So 
that we took care of the non-coincident maxima of the two 
branches of our business (359,230 kw.) with a total for the 


= 


coincident maxima of 337,900 kw. This shows a diversity of 


* oo oe 
= a 2 
| 
\ 
_ = 
3 K 35000 Kw 
K ST. STATION NORTHWEST STATION 
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Fic. 5 Reuatrive Size anp CAPACITY OF GENERATING UNITS, 
CxurcaGo, IL. 


21,330 kw. As I shall show you later on, one of the tendencies 
of the massing of preduction is to increase the diversity. 

The drawing shown in Fig. 7 is the load diagram for the 
maximum day, and shows the Chicago curve for 1894 and 
one for a large city without the railway load prorated to the 
Chicago 1915 maximum curve for comparison. The annual 
load factor for Clicago in 1915 was greater than that of Chi 
eago for 1894 by 68.5 per cent, and was greater than that 
of the large city in 1915, without the railway load, by 23 per 
cent. 

| think on this load diagram you can find pretty good proof 
of the desirability of massing production and distribution. In 
1894 the Chicago business showed a 25 per cent load factor. 
An eastern city having a great many advantages in the light 
and power business which we do not possess in Chicago, 
showed a 35 per cent load factor in 1915. Chicago, doing a 
wholesale and retail business combined, in 1915 showed a 43 
per cent load factor. A reference to the diagram shows where 


the inerease comes in. 
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Fig. 8 gives you a comparison of the summer and winter 
business of the energy supply to street and elevated railways. 


It shows that the winter demand is 35 per cent greater than 
that of the summer. 


USEFULNESS OF ALTERNATING CURRENT 


In the early days of this business of producing and dis- 


tributing electrical energy, we were confined to very small 





Kia. 6 Loap Diagram, Maximum Day, Winter 1915 anpb 
1916, Cureaco, IL. 








Kic. 7 Loap DriaGrams ror Maximum Day, CHicaco, 


areas—probably about 2,000 it. in any direction from the 
generating plant. Unless we used expensive apparatus, sucli 
as boosters and very large feeders requiring a very heavy 
investment, it was difficult to get a direct-current system be 
yond 2,500 ft. in any direction, or say about a mile square. 
Then the alternating-current system came along, and that 
did not fill the bill. There were disadvantages in the early 
apparatus. Owing to the smallness of the units, the cost of 
production was very high. We had made greater advances 
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really in the steam engineering and in the electrical enginees 


ing of the direct-current system than was made for a num 


ber of years by the alternating-current people. We peo) 


who had been very much wedded to direct-eurrent productio 


and distribution were casting around for means of economic 


transmission, 


We were forced to the use of alternatine-current feeders 


by the development of the marine type ol engines with direct 


connected dynamos, leading to the building of units running 
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Fic. 8 Loap DIAGRAMS OF COMMONWEALTH EpiIson COMPANY. 


Cuicaco, ILt., FOR STREET AND ELEVATED RatLways 








Fic. 9 EARNINGS FROM Sate or Execrricrry axp Repu 
TIONS IN LIGHTING Rates, Cui1caGgo, ILL. 


up to 3,000 and 4,000 and 5.000 kw. We were forced to take 
advantage of this system of transmission, many of us very 
unwillingly, beeause we at that time had great prejudices 
against the alternating-current system. We used to give it 
the name which is used with reference to some of the ap 
paratus now used in the war, that is, “baby killer.” And 
some of us used to point to the practice in several of the 
states of “ electroeuting ” criminals by the alternating current 
to show what a terrible thing the alternating eurrent was. 


But as steam engineering progressed, as we got more econom 


ical units, we were forced to use the alternating-current system 


lor generating and transmission purposes. 


MPROVEMENTS IN THE APPARATUS 
The apparatus was very uneconomical at the start Some 
f us used rotary eonverters, some ol is used motor-genera 


tors, but they were nearly all of them uneconomical at the 


start. The improvements in both classes of apparatus led to 
i very great extension of the use of the alternating current. 
But the thing above ¢ ervthing else that has led to the mass 





kic 10 Ix OWATI Hor RS PRODUCED AND SOLD. CHICAGO, ILL. 
































Fic. 11 Earnings rrom Sate or Execrriciry 1x CHicaco, 


Inu... Per Capita, 1895 To 1915 


Ing ol production ol energy tor all purposes is the introdue 
tion of the large steam turbine. With the reciprocating engine 
we could not get much above 4,000 or 5,000 h.p. There may 
have been a few units made of 5,000 kw., but very few indeed. 

But when the large steam turbine was produced, with its 
great economy, both in its cost of installation and cost of oper 
ation, we were foreed still further to take advantage of 
alternating-eurrent generation and alternating-current primary 
distribution, so that today no one thinks of building a direet- 
current station for use where any large amount of energy 
is required over any extended area. 

| think, next to the invention of the original direct-current 


distribution system and the original invention of the alternat- 


eer 
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ing-eurrent system, that probably the thing that has had the 
greatest influence on the development of this great industry, 
which today is becoming not only state-wide but almost nation- 
wide in its character, is the development of the large steam 
turbine. 


A NOTE OF WARNING AS TO SIZE OF UNITS 


Probably there is no better time than this to sound a note of 


warning to those who are carrying the development of prime 


movers to very large sizes. To those of you who are familiar 











Fig. 12 Income Per KiLtowatr-Hour Soup 1x Curcaco, IL. 








Fie. 13 Amount or Exectric Light ONE DOLLAR WouLp 
Buy 1n Cuicaco, Itu., 1886 Tro 1915 


with the course that I have pursued myself in connection with 
the development of the enterprises under my control, it may 
seem rather unusual for me to sound a word of caution on 
size. But it does look to me as though a great many of the 
managers of the systems in different parts of the country are 
allowing their engineers to order turbines of a size out of all 
proportion to their requirements, and having no relation to the 
load which they have to deal with, and that if such a course 
is unwarrantably pursued it must inevitably lead to disaster in 
some of the great distribution systems of this country. 

I heard the other day of a man who is installing a large 
turbine for more than 50 per cent of his load. There is abso- 
lutely no justification for such a course. I do not myself 
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think that it is safe to order a unit for much more than say 
10 to 12—and at the very extreme 15—per cent of the total 
demand on any one system. There are cases where it is not 
possible to confine oneself to that percentage; for instance, 
where turbines for new systems are being ordered. But I 
refer to cases where old systems are in existence, and there 
is not any justification for the very large turbines; and I 
would make the suggestion, particularly at this time when the 
cost of material is so great and when it is impossible to get 
the views of the best people on both sides of the Atlantic, that 
the operators of large systems would do well to call a halt 
in building larger sizes of turbines. 

At the present time about 35,000 to 40,000 kw. is the largest 
size that can be obtained. I have heard of some orders being 
given for 50,000-kw. machines. I am rather sorry to hear it, 
because I think the buyers will regret it. Before we need the 
larger size we will need higher boiler pressure, which will first 
require expensive experiments in boiler construction, and we 
will need a great many changes in the details of apparatus 
used in connection with large turbine units; and I think that 
the progress of the next few years will be the better made if 
it is the slower made. 


Fig. 14 ANnvuaAL Loap Facrors oF COMMONWEALTH EDISON 
Company, CuicaGco, ILL. 


I am sure that if those who are connected with any large 
system will follow up my suggestions as to the desirability of 
standing still a little while, they will find that in the course 
of the next few years they will be a great deal of money in 
pocket. I am giving this form to my views on the subject 
because I am generally credited with employing the largest 
apparatus that can be obtained. 


THE ENGINEERING OF SELLING 


Having true engineering of construction as a basis, we come 
to another side of the business; that is, the engineering of 
selling. 

This diagram (Fig. 9) shows that, starting in 1896 with a 
gross business in Chicago of about $1,000,000, and inereasing, 
year by year, we had in 1915 a total business of almost 
$21,000,000, divided as follows: Light, a little over $11,000,- 
000; power, a little over $5,000,000; and the supply of energy 
for transportation purposes, a little below $5,000,000. 

Fig. 10 is a chart of kilowatt-hours produced and sold. It 
is interesting to note how closely the output figures follow the 
figures of money. You will notice that the curves on this 
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drawing follow very closely the curves on the previous one 
(Fig. 9), so far as the total is concerned, but with a much 
sharper line so far as railways are concerned. The cause of 
this difference between the two curves, that is, the money 
curve and the output curve, is the fact that in the development 
of our business we have probably carried to a greater extent 
than the majority of electrie-service corporations the whole 
saling of energy for transportation. 

Fig. 11 gives you an idea of the increase of the earnings 
from the sale of electricity per capita from the years 1895 to 
1915 in the city of Chicago. 


LOW PRICE OF ELECTRIC LIGHT AND POWER 
The income per kilowatt-hour sold is given in Fig. 12. The 


income from light shows a steady drop per unit sold from 
1898 to 1915, amounting to about 46 per cent in price per 


7 
280 7 £28 
j 
200 $96 
240 24 


of Customers, lhousands 


Number 





71995 18971699 [901 1903-1905 OT 1909-1 e915 


Years 


Fig. 15 Repverion 1x Ligutinc Rates, AVERAGE LAMPS PER 
CUSTOMER AND NUMBER OF CUSTOMERS, COMMON 


WEALTH Epison COMPANY, CHuIcaGco, ILL. 


kilowatt-hour sold. The power income follows somewhat 
the same curve. It started at a lower price and necessarily 
ends at a lower price. The wholesaling of energy for trans 
portation purposes runs along on a very steady line. In the 
first three years the price did not vary. As the business de 
veloped the price dropped in 1906, and that price continues 
practically up to the present time, and is on a basis lower 
than it is possible for the local transportation companies of 
Chicago to produce their energy themselves. The price per 
kilowatt-hour in 1915 was 16 per cent lower than in 1908. 
This difference is not apparent in the curve on account of the 
seale used. 

Fig. 13 gives you an idea of the amount of electric light 
one dollar would buy in the years from 1886 to 1915. This 
chart shows graphically the great reduction in the cost of elee- 
trie light to the average small user. The quantity that one 





dollar will purchase is now six times as large as it was ten 
years ago. 

A chart of the annual load factors of the Commonwealth 
Edison Company (and its predecessors) for the last sixteen 
years is presented in Fig. 14. You will notice that the street 
railway load factor went up and then dropped. It was at its 
highest for a few years just before one of the large street 
railways shut down its obsolete stations, which it had operated 
as “peak plants” only. This shutting down had also the 
result of earning it a very low price for the energy it pur 
chased. The tendency of the railway load factor is to run 
even. The tendency of the light-and-power load factor is to 
improve. For 1915 the combined load factor was 42.5; the 
light and power 35.8, and the street-railway business by itself 
11. The improvement in the two combined is owing to the 
diversity. 

A diagram showing the reduction in lighting rates, the 
average lamps per customer and the number of customers is 
viven in Fig. 15. The chart shows that as the rates for elec 
tricity have been reduced the number of customers has in- 
creased enormously and the average size of the eustomer’s 
installation has grown smaller. Electric light, instead of be 
ing a luxury, as it formerly was, is now the cheapest il- 
luminant. 


WHAT BECOMES OF THE DOLLAR OF INCOMI 


Fig. 16 is an instructive chart showing what becomes of the 


dollar ot income; and | venture to Say that the figures rive! 


Fic. 16 Tue Douuar or INcoME AND Wuat Was DONE 
WITH It In 1915, COMMONWEALTH EDISON COMPANY, 
CHicaGo, ILL. 


here are relatively about the same whether it is in a large city 
like Chicago or in a smaller city like New Haven. 

While it is not my function to discuss political questions, 
one of the serious questions of the day is the view that a great 
many young men going out into life have regarding the large 
enterprises of the state. Their opinions are very largely 
based upon the statements of able writers who have great 
facility of expression but who are untrammeled by responsi- 
bility of position. 

If you were to come out to Chicago, the long-haired talker, 
the long-haired reformer, would talk about the earnings de 
rived from our investment in a way most unfriendly to the 
public-service corporation; he would tell you that the rate we 
charge is ten cents, whereas this is our maximum rate. But I 
want to tell you that of every dollar we receive, seven per 
cent of it goes back into either the municipal or the state 
treasury, and that, as a matter of fact, when our patrons are 
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paying us a dollar they are indirectly being taxed seven per 
cent of that dollar in the form of what amounts to double 


taxation. 


ELEMENTS OF COST 


If that long-haired reformer happens to be an advocate ol 
municipal ownership, he will not tell you that no allowance 
is made by the municipal plant in this city or that city to com 
pensate for the sum paid by the public corporation in the 
shape of taxes and compensation. Now take the size of these 
various sections (see Fig. 16). You will see here that that 
part of the capital which is obtained on a low-interest basis 
because it has a prior lien does not get very much more out 
of the business than the amount that has to be paid for the 
privilege of doing business; and bear in mind that the cor 
poration does not pay for that privilege. Our customers pay 
for that privilege, as it is figured in the cost of energy. 

We are a regulated monopoly, a partial monopoly, as a rule. 
but we are regulated, as our rate for energy is settled by a 
state commission, based upon our cost and a reasonable return 


on our property, and to that is added the taxes and municipal 
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compensation, so that the people who pay that are not ou 
2,900 stockholders, but our 250,000 customers. 

The people who take the greater risk and who put thei: 
money into stock, into the junior securities of the company. 
only get a little over twice as much on the operation as the 
community gets for the right to do business. Those irre 
sponsible heads of organizations who like all the privileges but 
none of the responsibilities of government always want to 
take care of labor; but out in Chicago all that they allow 
us to pay labor is about twice as much as our customers pay 
the community for our right to do business with them. 

Fuel is supposed to be a very important portion in our 
cost. We consume thousands of tons of coal per day, and yet 
our total coal cost is less than double what our customers pay 
to the community for giving us the privilege to do business. 


And so on all the way round. 


STEAM-TURBINE EFFICIENCY 


An interesting chart in relation to the steam-economy tests 
of various turbines is shown in Fig. 17. These curves show 
that in 1903 the design of the steam turbines then available 
was such that the water rate was 22.5 lb. per kw-hr. The 
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machines of that period had two wheels with four rows of 
buckets to each wheel. It was, therefore, necessary to expand 
the steam considerably in the first nozzles to get sufficient 
velocity so that the energy venerated could be absorbed by 
the two wheels. This high velocity meant, of course, con 
siderable friction loss. 

In 1905 improvements in design reduced the water rate to 
15 Ib. per kw-hr. under the most economical load on the ma 
chine. In 1907 five wheels were used, there being two rows 
of buckets for each wheel. Consequently, the lower velocities 
from the nozzles reduced the friction losses, giving a wate! 


rate of about 12.3 Ib. per kw-hr. Still further mprovements 
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were made in the 1914 design. The number of wheels was 
increased to ten. With more correct bucket shapes, and with 
one row of buckets for each wheel, the water rate was still 
further reduced. The curve for this machine is not shown, 
as it coincides very nearly with the curve labeled * 25,000 kw.” 
in Fig. 17. This curve is for a turbine of the reaction type. 
The preceding remarks apply to machines of the impulse 
type. As its name implies, the reaction turbine employs the 
principle of reaction, its evolution being very similar to that 
of the impulse machine. 

Those last curves are, I think, indicative of the progress 


which has been made in the efficiency of the steam turbine 


during a period of over eleven years. 
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CONSERVATION OF FUEL 


Fic. 12 shows the other side of that same subject, that 1s, 


s shown the drop in the 


the conservation of fuel. Here 
pounds of coal per kilowatt-hour produced, starting at nearly 
seven pounds per kilowatt-hour and going down to 2.70 Ib 
Another curve shows the kilowatt-hours generated, and a third 
the tons of coal burned. 

The diagram is indieative of what we have been able to 
do in the direction of conservation of coal. That results 
partly from the improvements in the prime movers, partly by 
the shutting down of small uneconomical stations, and the 
massing of production and distribution over very much wide 
areas. 

| think that while a great many of our well-intentioned 
friends have been shouting about the conservation of natura 
resources, the steam-turbine inventors and the designing eng 
neers of the great power companies using steam as a prime 
source of power have probably done more to conserve the 


natural resourees. of this country, in so far as tuel is con 
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cerned, than has been done by all the agitation that has taker 
place upon the general subject of conservation. 

It is interesting to note that the saving in Chicago per unit 
for the fourteen years from 1900 to 1915 was equivalent to a 
saving tor the vear 1915 of 2,472,400 tons, or 58,000 carloads 


of coal per year, or fourteen loads of forty cars each per day. 


FINANCIAL DATA AND STATISTICS 


Fig. 19 gives you some financial figures—the total cost per 
dollar of income, the income per dollar of investment, the total 
operating cost per dollar of income, and the net earnings per 
dollar of investment. 

Some more financial information in another way is pre- 
sented in Fig. 20. This gives cost and income per kilowatt- 
hour sold. To the cost is added the necessary allowance for 
interest and depreciation. You will see how closely the cost 
and the income follow each other during a period of from 1902 
to 1915. The kilowatt-hours sold per dollar of investment are 


also shown in Fig. 20. When we were doing but a small 


wholesale business we used to sell only two kilowatt-hours per 


dollar invested. Now we sell thirteen kilowatt-hours per dollar 
Invested, 

A very interesting diagram showing the diversity of large 
light-and power customers 1s that of Fig. 21. It has a Wiys 


been assumed until this particular investigation was made that 
| 


the maximum demand of manufacturers and larg: <ers came 
at about the same time, but Fig. 21 shows this is not e cast 
POSSIBILITIES OF THE FUTURI 


Now as to the possibilities ot this class of business You 
will have to exeuse me for referring so much to Chicago. but 
| have more definite information regarding the eitv of ¢ 


cago than I have in regard to any other place. The light-and 
power business of the Commonwealth Edison Company is ap 
proximately 338,000 kw.: that of isolated plants is 264500 
kw., and that of the steam railroads is 125,700 kw.. mak 


a total ot 728,200 kw. 


Our estimate is that at the present time we are doing about 
4{} per eent of the total possible busi ess 1 tive ‘ ot Cn 
cago, and that 1f we had the entire possible business, stene 
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of running at a load tactor of 40 or 41 per cent, we would 


probably have a load factor on the entire systen upwards of 
0 to 60 per cent. 
What does that mean ! 


4 Broadly Speantil Y’, if means that the 


cost of carrying the necessary investment tor a eity of two 
millions and a half of people, that is, the interest cost and 
the depreciation cost of carrying the entire investment, 1 
all the energy 1s produced under ohne organization, would be 
reduced approximately 33 1/3 per cent. That would indicate 


that at the present time where any form of energy is required 

I do not care whether by steam or electricity or how it may 
be obtained—it is an economic waste for the individual spend 
ing the money to try to produce that energy in a small way, 
and that the true function of the large electric-light-and 
power companies of this country 1s to produce all the energy 
that is required in the community. In these days when 
so many of our operations between the cradle and the grave 
are being regulated 1 am somewhat inclined to think that the 
day will come when one of the regulating bodies will step in, 
insist on all energy being produced from central generating 
plants and tell the people who are guilty of economic waste 
that they must stop. Such regulating body will say that th 
country cannot afford to have them throwing away money, 


which indirectly must be sapping the country’s wealth, as if 
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equipment is employed unnecessarily, if fuel is wastefully 
employed, if labor is wastefully employed, all those things 
must be harmful to the general wealth of the state. 


BROAD ASPECT OF THE QUESTION 


I firmly believe that the doctrine that it has been my 
privilege to preach for a good many years, and which I am 
glad to say is becoming more popular—that is to say, the 
massing of production, the massing of distribution, the selling 
of energy for all kinds of purposes on a very large scale 
from one system—lI firmly believe that in advocating that 
course, while 1 am advocating a course that is very advan- 
tageous to the class of property that it is my privilege to have 
charge of, at the same time I am advocating a course that is 
very advantageous to the whole community and to the whole 
state. 

To give you some idea of how these figures mount up I 
have had worked up the data derived from Census statisties 
on the same basis on which we have worked it out for the 
city of Chicago, and applied it to the whole country. Suppos- 
ing we take all the settled areas of the United States wherever 
there is great density of population, practically everywhere 
this side of the Mississippi and practically everywhere the 
other side of the Rocky Mountains (all you have to leave 
out is the desert country and the purely agricultural country), 
and let us assume that all the work is done electrically. Let 
us assume that every part of the country where the density of 
the population justifies it, whether it is in a community or 
whether it is state-wide, or whether it occupies a larger are: 
and goes beyond the corifines of a state—let us assume the 
electricity supply business is all put under a series of central 
organizations, and what do we find? 


GREAT SAVINGS THAT COULD BE EFFECTED 


We find that it takes about 68,000,000 to 70,000,000 h.p. 
of non-coincident demand; that the coincident load would be 
about 47,000,000 h.p., and that the diversity would be upwards 
of 20,000,000 hp. If you will capitalize the labor that 
would be saved; it you will figure the investment cost of the 
20,000,000 of h.p. that would be saved; if you will figure out 
the value of the fuel that would not be used—the savings are 
staggering; and the possibilities that this business offers are 
almost beyond the dreams of the most enthusiastic figurer. 

I happened to learn only a few weeks ago of a case in a 
city not very different from any other city and not a very 
large city, in a territory where the population is not so dense 
as it is in this Connecticut country, and where the amount of 
energy used is not as great. In the city itself the electrical 
interests, both for light and power and for transportation, are 
in one organization. Outside the city, in the surrounding 
territory, most of the light and power and transportation 
interests are in another organization. In the city the maxi- 
mum load comes in the afternoon. In the surrounding terri- 
tory the maximum load comes in the morning. In the city 
they, so to speak, allow the water to flow over the dam all day 
long except in the afternoon, and outside the city they allow it 
to flow over the dam all day long except in the morning. 

If you will capitalize the saving in operation in just that 
one district, with a population relatively small, and add the 
saving in investment that would take place by combining the 
generation of energy in that small piece of territory of about 
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100 square miles, the saving will be between six and seven 
million dollars. 


WHERE THE REAL DANGER LIES 


Yet some persons would tell us that if that is allowed to 
be done it will produce a combination that may be dangerous 
to the state. It is not dangerous to the state to let the money 
go to waste, to waste its resources and its capital; but it is 
said to be dangerous to the state to allow an organization to 
double its size, even though that organization is regulated by a 
commission of the state appointed or approved by the state 
Legislature. 1 think that is the kind of danger to the state 
that I shall have to spend my days in advocating as long as | 
live; 1 think that it is to the highest possible advantage to the 
state, that it is a real contribution to the better management of 
the country’s affairs. In closing I cannot do better than to tell 
the young men here who are expecting to make the class of 
business with which I am proud to be associated their life’s 
work that I do not know of any business in this country in 
which there are greater possibilities, greater opportunities, for 
men not only to serve themselves but to serve their fellows, 
I know of no walk in life, publie or private, in the industrial 
world, in which there are greater possibilities of national 
advantage and community advantage than in the business that 
I have tried to tell you something about this evening. 


It is a question of some interest as to how far the continued 
combustion of mineral fuels will so alter the quality of the 
atmosphere we breathe as to lower the vitality of the human 
race as at present constituted. The total weight of the carbon 
in the coal, oil, gas and peat resources of the globe is estimated 
at something like 6,400,000,000 tons, requiring twelve times 
that weight of air for its complete combustion. A caleulation 
shows that the weight of the atmosphere is nearly 150 times 
the weight of the air needed for the combustion in question, 
and that the weight of the resulting carbonie acid gas would 
be but 0.22 per cent of that of the atmosphere, or less than 
one-fifth the percentage allowed by the Mines Regulation Act. 
—Arnold Lupton in The Iron and Coal Trades Review, July 
28, 1916. 


According to Kelvin’s law, maximum economy in electric 
transmission is obtained when the annual interest and deprecia- 
tion charges equal the cost of the energy loss. This law, how- 
ever, does not allow for additional capacity in lines to care for 
future growth in business nor for voltage regulation; hence 
it does not hold good in practice today, where experience 
shows that both of these provisions are necessary for the 
highest economy ultimately.—Geo. P. Roux, in General Elec- 
tric Review, Oct., 1916. 


An investigation of the markets of South America for con- 
struction materials and machinery is being undertaken by the 
Bureau of Foreign and Domestic Commerce, U. S. Depart- 
ment of Commerce. The investigation will cover construe- 
tion materials, with especial attention to cementing materials, 
clay products, steel products, wrought iron, steel and case 
iron pipes, valves and fittings and heating installations. With 
reference to construction machinery it will include power 
shovels, drills, derricks and hoisting apparatus, cableways, 
pumps, pile-driving machinery, mechanical mixers, floating 
equipment, road-making machinery, and construction tools. 








~ 











THE SALES ENGINEER AND HIS 


HE title, Engineer, has already been subjected to so 
many prefixes, that one hesitates to add another to the 
already confusing number. There seems, however, hardly any 
other term than that of Sales Engineer which quite so well 


defines the activities of that growing class of engineers with 


whose influence on design and 
production it is proposed to deal. 

As one views the progress of 
machine-tool design, one cannot 
help but feel that it has been 
largely left to the user of a 
machine to indicafe the changes 
which would make the machine 
more particularly suitable for his 
class of work, and that the 
designer and maker of the ma 
chine have generally been the 
second party in such improve- 
ments. I do not, of course, here 
refer to detailed improvements, 
particularly in regard to the 
construction of the machine, but 
rather to those pronounced de- 
partures from type that may be 
said to mark the advances in 
the art; in other words, it would 
appear that the majority of the 
engineer-designers of most ma- 
chine-tool factories have for 
many years been working on im- 
provements of well-defined types 
of machines, and cannot have 
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The function of the Sales Engineer, as stated 
by the author, is to study the requirements of 
the users of the machines made by his concern 
in order to discover what modifications of 
standard types and what auriliaries in the way 
of jigs, fixtures, etc., are needed to effect an 
mcrease in production or decrease in installa- 
tion cost, and to meet the competition from an- 
other type of tool as well as the peculiar con- 
ditions presented by novel machining problems. 

The gradual de velopment of the sales endi- 
neer from the old-time machine-tool demon- 
strator, and the beneficial effect of his services 
both to manufacturer and customer are dealt 
with at length in this paper, and several con 
crete illustrations of the methods employed are 
given, 

The paper shows that the sales engineer has 
already had a positive influence on future de 
sign of machine tools, and that the knowledge 
his methods have brought out has been so util- 


ized as to make it valuable for future research. 


RELATION TO PRODUCTION 


This condition has led to what 1 termed the Sales Engineer. 
His predecessor was the original demonstrator, who, it will be 
remembered, was and still is a man unusually skilled in the 
use of the machine which he demonstrates and who is sent out 


to break in the workmen and to assist the customer in obtain- 


ing high production trom the 
new ly installed tool. 

These demonstrators in their 
visits to the different plants 
accumulated considerable experi 
ence in regard to the uses and 
weaknesses of their machines; 
and, following the natural on- 
ward tendency, they were in some 
cases replaced or augmented by 
engineers whose duties were not 
in any way connected with the 
demonstration or practical 
operation of the machine, but 
consisted rather in systematic ob 
servation of the uses to which 
the machine was put. These ob 
serving engineers, carrying back 
to the factory their authentic 
data, were able to influence ma 
terially new designs. They were 
still, however, concerned only 
with the standard type of ma- 
chine and were only brought into 
contact with the customer's 
requirements after the ma- 


chine was installed, and usual- 





~ 





made that rigid investigation of the conditions which govern 
the use of such machines that would seem to be absolutely 
essential if ideal conditions are even to be aimed at. 

There are, of course, very strong commercial reasons from 
the manufacturer’s standpoint for standardizing the design of 
machine tools. There is further, from the user’s viewpoint, 
that excellent reason relating to the ability of the average op- 
erator to handle, with the minimum amount of individual in- 
struction, any machine of the class in which he claims pro- 
ficiency. Probably in the last analysis this would also be re- 
garded as a commercial reason, but it must also be taken into 
account in view of the apparent tendency toward the increased 
employment of unskilled help and the comparative difficulty 
of obtaining that rara avis which used to be known as an all- 
round machinist. 

The user of a machine tool has of late either grown, or been 
educated, to demand of the machine-tool manufacturer a spe- 
cifie study of his (the user’s) requirements. These studies 
have influenced the design of the manufacturer’s product, and 
will influence it more markedly in the future. The “service ” 
plan, which covers many trades, has developed into an impor- 
tant factor in machine-building organizations. 
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ly after some trouble had developed. 

The original machine designer usually devoted himself so 
closely to his own particular machine that he was not thor- 
oughly in touch with developments taking place in other 
classes of machines. Even today, in the great majority of 
cases, that condition prevails. The sales engineer, on the con- 
trary, being brought directly and frequently in touch with 
the latest installations of such machines, immediately returns 
to the factory with advance information of the encroachments 
that the new type of machine is making on his own field. The 
designing department, lacking a detailed acquaintance with 
the latest usage to which machines are put, loses its proper 
perspective in regard to the relative time values of the differ- 
ent functions of the machine. The sales engineer, with any 
reasonably well-developed analytical faculty, ean clearly see 
that a certain portion of the operation consumes more time 
than is really necessary, that the output is governed by this 
factor, and advises the home engineer of the need for improve- 
ment in this respect. Furthermore, continuous travels through- 
out the various shops must of necessity bring him into close 
contact with those home-made devices which are so often the 
basis of permanent improvements in standard design. It is 
idle to suppose for a moment that such improvements are 
found only in the larger shops, to which unfortunately the 
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visits of the sales engineer are usually confined. More often 
it will be found that the small shop, with its limited equip- 
ment, will have evolved some ingenious and interesting method 
of producing the desired results, where the larger and weal- 
thier shop has been content to inerease its quota of standard 
machines, 

While the influence of the sales engineer on the design of 
his company’s product cannot fail to be very marked, it may 
even be of more vital and material interest to the eustomer. 
The general adoption of this sales-engineering system imme- 
diately places at the disyozal of the machine user a corps of 


highly trained engineers, whose collective abilities are likely to 
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Fic. 2. A DePARTURE FROM THE STEREOTYPED METHODS OF 
MILLING 


greatly exceed those over which he would normally have con- 
trol. Their advice and recommendations should lead to the 
scientifie selection and installation of machines, resulting in 
a lessened installation outlay and a greatly increased produe- 
tion. 

It must be apparent that the recommendations of the sales 
engineer cannot be made on the spur of the moment, but must 
receive a reasonably thorough preliminary study and investi- 
gation. In the company with which the writer is connected it 
has been the practice for the last half-dozen years to make 
comparatively elaborate time studies, for which considerable 


advance information is needed. This information must not 
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only cover the end which it is desired to accomplish, but should 
also include a reasonable amount of data as to the earlier and 
existing methods. This is particularly essential because it has 
developed that the sales engineer, seeking continual outlet for 
his machines, will often invade a field that has been considered 
the exclusive property of some other type of machine. It is 
sulficiently obvious that there must be much debatable ground 
to be tought over by the competitive representatives of the 
engine lathe, the turret lathe, and the automatie machine, and 
again between the planer, shaper, and miller. The ideal con 
clusions drawn from such investigations can only follow a very 
full consideration of all of the factors connected with produe 
tion, and not only, as is sometimes the ease, with the number 
of pieces turned out per machine per day. For these reasons 
certain standard forms are used, on which is entered the fol 


lowing information, derived from the user of the machine: 


1 The quantity per annum and, if possible, the size of the 
lots in which the work is put through the factory 

2 The degree of finish required 

} «The quality of material 

t The depth ot cut 

> The machine on which the work is now being done 

6 The time consumed 

i The wage rate paid 

S The burden or overhead charge (particularly if depart 
mental burden is available) 

The objections, if any, other than as to the time consumed, 
that may be made to the existing method. This latter may 
deal with the labor supply, the dependence upon certain 


materials, ete. 


This report is supplemented either by a sketch of the piece, 
or preferably by the cutomer’s blueprints. Samples for pre 
liminary cutting tests are also obtained whenever possible. 
With all of this information a time study can now be made 
up. Which will give in full detail the separate operations, the 
time taken tor each part of the operation, the speed and 
feed necessary, and a sketch and deseription of the fixture and 
cutters to be used. To the total time required for the produe 
tion of the unit piece must be added a certain “ overhead ” 
pereentage, which will, of course, vary, and is a figure that 
can be easily determined and established as a standard. This 
information 1s then submitted to the eustomer, and in certain 
cases accompanied by a cost sheet comparing the suggested and 
existing methods. This sheet will specity the time per plece, 
including the above percentage, the total time per annum for 
the quantity of pieces required, the wage cost. and the burden, 
or overhead cost, showing the annual saving over the existing 
system. Such cost-comparison and estimate sheets are in them 
selves not necessarily final, but their great virtue is that they 
form a nucleus for specific analysis and recommendations on 
the part of the customer and his engineers. It is particularly 
important that such detailed information should be submitted, 
because the production of a given machine is very often en 
tirely independent on the ability of that machine to carry 
through a certain cut; it is often entirely dependent upon the 
chucking time necessary, and, still again, frequently dependent 
upon the spacing of the feed marks or quality of finish. This 
latter may very well be a commercial requirement and entirely 
independent of the degree of accuracy. 

We can assume that the time study shows conclusively that 
the production is mainly dependent upon the operator’s chuck- 
ing capacity. There are two ways in which this may be in- 
creased: either by the elimination of certain functions which 
he must perform in connection with the machine, or by chang- 
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ing and improving the holding arrangements for the work so 
as to reduce the chucking time proper. 

In a great many cases the first method is the most feasible, 
since it is only reasonable to suppose that the fixture or work 
holding device, designed especially for the job, is less likely 
to be deficient than the machine, which has been designed for 
more general utility. It is here that the twofold influence of 
the sales enyvineer on both desien and production becomes pre 
nounced, It is here brought home to him very strongly that 
the specifie limitation of his machine, while originally of small 
Iportance, is now preventing a greater output. It must the 
<uvgest itself to him that some mechanical means must be 
found for overcoming the hand operation of the machine, and 
either of his own volition or through the home e! fineering cle 
partment he will produce modifications of the machine to suit 
requirements. This may not take place immediately, or tor 
the specific customer through whom the need for this improve 
ment arose, but it is very evident that the continued faci 
of the same problem must ultimately lead to its solution. 

A further important point in this connection is the influ 
ence that will be brought to bear on this matter by the cus 
tomer himself, who will generally clear his mind of all details 
of the machine and reach the pertinent poimts that are cor 
nected with production. He is quite apt to compare the ma 
chine with some other entirely different machine which ineo1 
porates some feature of marked importance to his particular 
class of work. It would seem, for instance, that the day of thi 
automatic power-return of the tables of small milling n 
chines would have come much sooner had their users compared 
the miller with the planer in the way that should have bee 
done. It would really not have been necessary to compare 
the miller with the planer, but to have compared it even wit! 
some of the larger planer-type milling machines, on whiel 
such apparatus is standard equipment. It would further see 
that the flooded lubrication of milling cutters should have eom« 
sooner had the proper comparisons been mace petween the 
milling machine and the grinder, and parallel cases cCoul 
doubtless be found throughout the whole machine-tool field 
The customer, as a rule, either has not the time, or perhaps 
acks the energy to bring such points strongly enough to the 
attention of the manufacturer, and it is hoped that throug! 
the efforts of the sales engineer more concerted action betwee 
iser and maker will acerue. 

There is another phase ot the sales engineer's influence o1 
production, and that is eoneerned with work holding methods 
or fixtures. There are in many shops ingenious methods i 
force for achieving a desired end, which methods may be very 


vell adapted not only to the same specific job but to others of 


a similar nature. Now these methods must come fully under 


the eye of the sales engineer, not only in his visits to the cus 
tomer’s shop, but in his comparisons ol suggested with exist 

methods. The interchange of ideas thus brought about 
will be more far-reaching in its influence than if the compari 
son between methods and production be always limited to on 
tvpe of machine, since, as is well known, the different types 
of machines have each tended to develop a different system 
and standards of holding appliances. 

The foregoing roughly outlines the direction in which the 
sales engineer may be expected to influence production and 
design, and many other details upon which his influence may 
be felt will doubtless present themselves. 

Che aecompanying illustrations show the particular influ 
ence that has been exercised on one type of machine tool, the 
milling machine, by such work as has been described. It will 


be noted that some of the improvements have been effeeted in 


the fixtures themselves, but in many cases the design of the 
machine has been entirely changed to meet manufacturing con 
itions., 

Fig. 1 shows a rather interesting equipment, designed for 
the milling of turbine buckets, these being made up from bar 
stock of the proper section. It is necessary to mill a groove 
n this bar for steam passage, this groove having a cam section 
vhen viewed both along the longitudinal and transverse axis 
lhe obvious question that presents itself on seeing this photo 
rraph is, just where and why the milling machine? The at 
swer to that question would really be that the sale of the 
nilliing machine was al adiunet to the furnishing of the spe 
cial equipment, since the latter is more expensive and more 
complicated than the machine proper. 

When in operation, the only part of the machine proj e! 
that is moving is the spindle, which rotates, carrying the cut 
ter. All of the movements of the work itself are self-contained 
in the fixture, whieh has a combination axial and radial can 
movement, controlled by master cams with a compressed-air 
resistance chamber. the table, feed. cross feed, ete., of the ma 
chine being used only for the preliminary adjustments. This 


equipment points absolutely to the eed of a sper al trame to 











hic. 3) Oxe Operator anp Tais Macnine Propucep Mort 
rHan Maw anp Boy wt STANDARD MACHINI 

take the place of the milling machine, whieh frame will cor 
tain a comparatively simple driving mechanism and a solid 
base, on which the fixture would have to be mounted. The 
cutter adjustments should all have been obtained through the 
ertical and axial raising of the spindle earrier, as in the 
Lineoln pattern nullers. Doubtless the sueeeedi: ¢ machines 
that are installed for this purpose will be so made. 

The second example, Fig. 2, shows a triple-spindle milling 
attachment fitted with an adaptation ol the semi-automati 
miller. Before this equipment was considered the work was 
handled in the stereotyped way, which consisted of one chuck 
ing. milling one set of bosses, indexing through 120 deg., mill 
ing the next set, indexing, milling the third set, and remov 
ing. With this equipment the three spindles mill all the su 
laces at one passage, and the work itself is automatically 
clamped in place by means of the spring plunger shown in 
the center of the fixture. The table is provided with an auto 
matic quick forward movement, feeding movement. q uck re 
turn to the fixture on the other side, and so on. The functions 
of the operator in this ease are restricted to hooking the work 
onto the central locating stud and removing it when finished. 


The example shown in Fig. 3 is interesting in that the con 


ditions that had to be overcome before this equipment eould 


eo 
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be installed were such as to make it hardly possible to effect 
The pieces that are milled with this apparatus are 
small tractor binder pins, having a half-round groove extend- 
ing their full length, and which are slightly tapered on the 
outside. The old method for handling this work was to use 
a standard milling machine operated by a man who engaged 
the feed, returned the table and removed the work from the 
fixture. This man was aided by a boy, who drove the pins 
into the taper slots of a work holder while another holder was 
The machine under such conditions was cut- 
ting most of the time, and the boy was loading the pieces into 


a saving. 


in the machine. 


the work holder as rapidly as they are loaded today; but with 
the arrangement shown in Fig. 3 the production was consid- 
erably increased, and that with one operator only. The fix- 
ture is designed so that it automatically indexes, and the for- 
ward movement of the work to the cutter is taken at a high 
table traverse. The pins do not have to be driven firmly into 
the slots, since the action of the eutter itself tends to force 
them home to a bearing. They do not have to be removed 
from the fixture after the milling operation is completed, be- 
cause the third stop in the indexing brings the finished pieces 
against a fixed ejector bracket which pushes them out of the 
The operator loads into the upper horizontal slots, and 
he can also load in slots of the front vertical face should he 
fall a little short in his chucking of the full number held in 
the one side. 


twentieth 


holes. 


It will be seen that with the exception of the 
taken for 
surface to another and a similar twentieth taken in returning 


part of a minute indexing from one 


we have cutters which operate all the time. There is no dwell 
and the operator’s cycle is of the very simplest character pos- 
sible. His functions are confined to putting the work loosely 
into the holder. He does not have to move it after eutting, 
and the only thing open for improvement in this connection 
would be the provision of a hopper feed, so that a bucketful 
of the pins could be thrown in indiscriminately, and the ma- 
chine then become entirely automatie. 
which will doubtless follow. 


This is the next step 


The foregoing illustrations are not intended as examples of 
perfected coOrdination between the customer and manufac- 
turer. Some of them indeed are rather intended to show how 
far we have fallen short of the ideal, while still complying 
with existing commercial conditions. The purpose that they 
do fulfill, however, is to show that an attempt has been made 
to depart from standard practice where the need for such ac- 
tion was indicated by a study of the conditions. The resulting 
equipment, while not ideal from a designer’s standpoint, in 
that it was obviously necessary to start with a foundation laid 
down for more general purposes, does nevertheless perform 
satisfactorily, and so justifies itself from the viewpoint of 
dollars and cents. More important than this, however, is the 
clearer light thrown upon the problem, the positive indication 
of the direction of future design, and the certainty that the 
combined knowledge of all concerned has been so utilized as 


to make it valuable for future research. 


In many hydroelectric plants there is for some months of 
the year an excess of energy which is, to a large extent, not 
utilized. Use has been made of this excess by a Swiss com- 
pany, for raising steam in the boilers of a reserve plant. 
Electric heating elements are placed on the grate bars of the 
furnaces, from which they are readily removable when it is 
desired to fire with coal. The three boilers of the company’s 


Zurich station furnish 12,390 lb. of steam per day, with a 
consumption of 7392 kilowatt-hours, thus saving about 1650 
lb. of coal. 
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The grain size in a metal may be measured by a method 
described by Z. Jeffries in a paper read recently before the 
Faraday Society. The method consists in counting the grains 
completely and partly included in the cireular part of an 
image at standard magnification of the specimen; and by 
means of an empirical formula finding the number of whole 
grains in the area. The president, commenting on the method, 
mentioned that a 0.58 carbon steel contained 5540 grains per 
sq. in. when forged, and if forged and annealed, 4500. When 
the steel was water-quenched and reheated, the number rose to 
330,000. 


At a recent meeting of the British Association, in the section 
Shaw, of 
Nottingham University College, gave a brief account of the 


of mathematical and physical science, Dr. P. E. 


remarkable experiments which he has been conducting for 
several years in a vault of the Physies Department of the 
college with a Cavendish balance for the purpose of deter- 
Such 


For ex- 


mining a possible temperature coeflicient of gravitation. 
experiments require the most extraordinary care. 
ample, the readings of temperature are taken through an 
optical window by means of a telescope. One has to guard 
against electrostatic effects, magnetic effects, radiometric pres 
sure, radiation pressure, convection, damping, stiffness and 
the work 


very 


torsion of the wires, ete. An enormous amount of 


still 
amount done already. 


remains to be done, notwithstanding the 


large 


The average automobile brake is insutliciently powerful, re 
quires too much effort to apply it, and requires too constant 
renewal; it is 
harsh in action, affected by oil and dirt, and a prolific creator 
of rattles and squeaks. 


adjustment; its surfaces need too frequent 


Any good engineer could design better 
brakes if he would only take the trouble, but it is quite usual 
to find that a man who will spend months calculating the 
stresses in almost every other part of his car will accept any 
sort of brakes without a thought. This is not confined to any 
one country; it is true of every place where motor cars are 
made, though least true of Italy, because Italian factories be- 
ing all at the foot of the Alps, the need for exceptional brakes 
is foreed Still, brakes of 
Italian cars are not always ideal, as the requisite power is 


upon the designers. even the 


often obtained at the expense of harshness. 


In a letter recently addressed by the Aeronautical Society 
of America to the Secretaries of the Army and Navy, the 
Society, after careful consideration of the needs of this coun- 
try in the matter of aerial defense, comes to the conclusion that 
from 8,000 to 10,000 heavier-than-air machines of various 
types are required. It arrives at the conclusion that our bill 
for effective defense of the country against foreign in- 
vasion in so far as it affects the most important branch of this 
defense, aviation, is as follows, depending upon whether a 
program of 8,000 to 10,000 ships is adopted: 

Fighting and scout planes.... $120,000,000 to $150,000,000 





DED sc cccvasecnsccsconse 30,000,000 to 40,000,000 
Ships, ete., for planes......... 16,000,000 to 20,000,000 
Ships, ete., for dirigibles...... 2,000,000 
Mather GRiNG.....ccccesccccces 6,000,000 
Training schools...........+.-. 40,000,000 

BOE cncckacnieexeans $214,000,000 to $250,000,000 


























ANNUAL MEETING PAPERS 


Comprehensive Abstracts of Fourteen of the Papers to be Presented and Discussed at the 
Thirty-Seventh Annual Meeting of the Society, New York, December 5 to 8, 1916 


_— are printed below, and there will be concluded in 
the December issue of The Journal, comprehensive 
abstracts of the papers to be presented and discussed at the 
forthcoming thirty-seventh Annual Meeting of The American 
Society of Mechanical Engineers, to be held in the Engineer- 
ing Societies Building, New York City, December 5 to 8, 1916. 

These abridgements have been prepared with the collabora- 
tion of authors, and are therefore authoritative presentations 
of the subject-matter of the papers. In many eases the ab- 
stract comprises practically the entire paper, with the omis- 
sion of only such sections as mathematical derivation of for 
mule, minute descriptions of apparatus, and logs of tests. 

Engineers—members of the Society and others—are invited 
to contribute discussion to these papers. Such discussion will 
be read at the meeting and be published in The Journal. 

All the papers printed below are also being printed in un 
abridged form in pamphlet size, and members of the Society 
desiring a pamphlet copy of any particular paper may obtain 


it gratis upon application to the Secretary. 


THE UTILIZATION OF WASTE HEAT 
FOR STEAM-GENERATING PURPOSES 
By ARTHUR D. PRATT, NEW YORK, N. Y. 
Non-Member 


The utilization of waste heat from various industrial proe 
esses for the generation of steam is not new. The advance 
within the last few years, however, in methods of utilizing 
such gases and in the results secured from their utilization 
has been so remarkable as to make of interest a comparison 
of former with present-day methods and results. 

The design of waste-heat boilers has progressed to a point 
where it is today possible to successfully generate steam from 
gases whose temperatures are as low as 950 to 1000 deg. 
fahr. It is but a few years since it was considered absolutely 
impracticable from a commercial standpoint to attempt to pro 
duce power from such gases, and it is in its ability to satisfac- 
torily utilize these gases that the development of the modern 
waste-heat boiler has its most far-reaching effect. 

The sole theory on which early waste-heat boiler installations 
were made has as its basis the non-interferences in the op- 
eration of the primary furnace. This meant, in practically all 
eases, that the draft at the exit of the primary furnace should 
in no way be impeded, and resulted in the installation of a 
given amount of heating surface arranged in such manner that 
the frictional resistance to the gases in their passage through 


the boiler should be a minimum. Presumably the object of 


‘Assistant to Advisory Engineer, The Babcock & Wilcox Co. 
7All temperatures herein given are in deg. fahr. 


For presentation at the Annual Meeting of THE AMERICAN SOCIETY 
OF MECHANICAL ENGINEERS, New York, December 5 to 8, 1916. The 
paper is here printed in abstract form, and advance copies of the 
complete paper may be obtained gratis upon application. All papers 
are subject to revision 


such an arrangement was to enable a natural-draft stack of 
a practicable height to be used. As the result of minimizing 
this draft loss, such boilers as were installed were ordinarily 
entirely without baffles and the gases were given a straight 
passage through the boiler, though partially baffled boilers 
were used occasionally. High exit-gas temperatures were con- 
sidered rather desirable than otherwise in order to assist the 
stack in giving the required drafts. 


soilers installed in this way were considered practicable 
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Fig. 1 


Waste-Heat BorLer ror OPpEN-HEARTH FURNACE 


only with gases whose temperatures approached those of coal- 
fired practice. The users accepted the steam generated as 
“something for nothing” and no particular endeavor was 
apparently made toward increased capacities. 

Present-day waste-heat practice has come about with a more 
thorough understanding of the laws governing heat transfer 
and an appreciation of the function of gas velocity as affecting 
transfer rates. Without going into this aspect, it may be 


broadly stated that the rate of heat transfer is dependent upon 
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gas velocity and temperature difference between the gas and 
the absorbing surface. Experiments have shown that at even 
the highest velocities now used in waste-heat work the effect of 
increased temperature difference is small as compared with that 
of increased gas velocity. 

In coal-fired boiler practice, the average temperature dif- 
ference between gases and boiler surfaces is approximately 
1150 deg. The heat-transfer rate corresponding to a boiler’s 
rated capacity is about 3 B.t.u. per hr. per sq. ft. of surface 
per degree difference, or a heat absorption of 3450 B.t.u. per 
sq. tt. of surface per hour. In waste-heat work the tempera 
ture difference varies widely with the class of waste heat. With 
a gas temperature of say 1250 deg. entering a boiler, the 
average temperature difference between boiler surface and gas 
for a working pressure of 170 Ib. per sq. in. will be about 500 


deg. For sueh a temperature difference the transfer rate to 


rABLE 1 RESULTS OF TESTS OF WASTE-HEAT BOILERS FOR 
OPEN-HEARTH FURNACES 


lest Number 1! 2 } 4 
lant Illinois Indiana Bethlehem Lackawanna 
Steel Co. | Steel Co. Steel Co. Steel Co 
Location ‘ S. Chicago,) Gary, S. Bethlehem Buffalo 
Ill. Ind Pa N. ¥ 
tated capacity of furnace, tons. 65 75 SO 
Actual production, tons 72? 85 82.6 
Boiler. Stirling Rust B. & W B. & W 
Heating surface, sq. ft 4,000 4,880 5,232 5,407 
Superheat, deg. fahr 128 176 121 97 
Gas weight, lb. per hour 73,000 83,434 75,271 78,947 
Gas per hr. per sq. ft. htg. surf 18.3 17.1 14.4 14.6 
lemperatures 
Gas entering boiler, deg. fahr. 1227 1155 1362 986 
Gas leaving boiler, deg. fahr 621 530 493 46S 
Drop in temp., deg. fahr.. 606 625 869 51S 
Draft at boiler inlet, in 1.47 1.55 1.76 
Draft at boiler damper, in 3.95 3.29 3.6 
Draft loss, in 1.78 2.48 1.74 1 87 
Gross h. p. developed 334.5 393 25.8 306 
Per cent of rated capacity" 83 6 80.6 $1.4 56.7 
Boiler h. p. to fan ’ 604 24.33 
Net horsepower . 386 $01.5 
Approx. transfer rate (R 5.08 6.92 4.77 5.12 
Average of ten tests. *Approximate. #% Motor-driven fan $53 b.p 


returned in feed-water heater. ° Tilting furmace. ¢ All ratings on basis of 10 


sj. ft. per h.p. 


give an absorption per square foot of surface equal to that o! 
the coal-fired boiler at rating, would have to be 6.9 B.t.u. per 
hr. per sq. ft. per degree difference. This rate is slightly 
higher than the rates corresponding to velocities that are as 
vet ordinarily used, but, with somewhat higher entering-gas 
temperatures, the absorption per square foot of surface is 
such as to enable a boiler’s rated capacity to be developed 
without difficulty. With gas temperatures entering the boiler 
of 1800 to 2000 deg., which approach coal-fired practice. Ing! 
overloads are being developed. 

The gas velocities necessary to give what is now considered 
a desirable transfer rate lead to a frictional resistance through 
waste-heat boilers which makes the use of a natural-draft stack 
impracticable. Let us consider what is probably the extreme 
case insofar as draft conditions are concerned, namely, the 


open-hearth steel furnace. Common practice in this elass of 


work is to use stacks 160 ft. high, which give a draft at their 


base of approximately 1.4 to 1.6 in., depending upon the gas 
temperatures. For the present purpose, assume that the draft 
loss through a modern waste-heat boiler installed with an open 
hearth furnace is 2.0 in., a figure which approximately repre 


sents the practice of today. With a natural-draft stack, the 
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draft at the checkers corresponding to the 1.4 to 1.6 in. given 
above is approximately 1.3 to 1.5 in., and this amount is 
necessary for the proper operation of the furnace. With a 
waste-heat boiler installed, then, the draft necessary at the 
exit of the boiler must be sufficient to overcome the resistance 
through the boiler, 2 in., that necessary to overcome resistance 
through the flues, say 0.75 in., and 1.5 in. necessary at the 
checkers, or a total of 4.25 in. It is to be remembered that 
with a waste-heat boiler installed, the temperature of the gases 
entering the stack, instead of being 1000 or 1200 deg 


will be 
$50 or 500 deg., under which conditions a stack of 160 ft. in 
stead of giving a draft of 1.4 to 1.8 in. at its base would give 
approximately 0.9 in., and to give the necessary 4.25 in. the 
stack height would have to be somewhat over 700 ft. 

While, as stated, this is perhaps the extreme case, the same 
reasoning applies in practically all waste-heat work, and an 
induced-draft unit is now almost universally used with the 
modern design of waste-heat boiler. In certain classes of 
waste-heat work, such a fan not only furnishes the required 
draft suction, but is of a decided advantage in the operation 
of the primary furnace. This feature is discussed in the paper. 

As may be inferred from the foregoing, the successful util 
zation of waste gases becomes more diflicult with decreasing 
gas temperatures. It was in connection with regenerative fur 
naces and low-temperature gases that the principles of high 
vas velocity were first applied and the modern waste-heat 
boiler was developed. The suceess of the early installations 
in this particular ¢lass of work led to the application of this 
theory to all classes of waste-heat practice. 

Waste-heat boilers of the modern design are mm suceesstul 
operation today with copper refining furnaces, cement kilns, 
open-hearth steel furnaces, beehive coke ovens, zine refining 
furnaces and heating furnaces of various types, both regenera 
tive and non-regenerative. 

As stated, the waste-leat boiler of today was developed with 
low-temperature gases, and its largest field, until the present, 
as been with open-hearth steel furnaces. For this reason this 
class of waste-heat work is considered first. The following is 
an abstraet of this consideration, and of the sections of the 
paper devoted respectively to cement kilns, copper lurnaces, 
beehive coke ovens, heating furnaces and miscellaneous, in 
cluding zine furnaces, nickel refining furnaces, gas benches 
and oil stills. 


OPEN-HEARTH STEEL FURNACES 


Under this heading the paper deseribes in detail certain 
eatures of installation and operation, some of which refer 
<pecifieally to open-hearth work and others to waste-heat work 
in general. These include location of boilers, connecting flues, 
air leakage, cleaning, dampers and explosions. 

* The application of waste-heat work to open-hearth steel 
furnaces may be considered new. In this type of furnace we 
have the best and by far the most numerous examples of the 
regenerative furnace. From the very nature of the operation 
of such furnaces, gas temperatures passing to the stack are 
low, and the ability of the modern waste-heat boiler to utilize 
successfully these gases for the generation of steam is, without 
question, the best proof of the progress in the development of 
this particular class of boiler.” 

Four installations of waste-heat boilers for open-hearth fur 
naces are described—one of two Stirling boilers at the plant 
of the Illinois Steel Co., one of 28 Rust boilers at the Indiana 
Steel Co., one of Babeock and Wilcox boilers at the Bethlehem 
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Steel Co., and one ot Babeocek and W ileox boilers at the Lacka t either for burning coal or coke breeze, or to be Tread with 
wanna Steel Co. Results ot tests of these installations are ) prod wt eoke-oven gas 
comparer lable | 
A tvpieal weesstul lavout of waste-heat boilers for 
class of work is illustrated in Fig. 1. Approximate 
\ showing the reat savings made possible by the installation o i { t 
: e eal istorv o vaste ea po1ners applies 0 Ca ~ 
Wiiste eat b ‘ I opel earth turnaces are eluded 
rnaces 1s 1 realit the eal story ¢ the ul ; 
the De 
até eat il re eral 
The early designs « wollers In most general u , 
j CEMENT K = & lass ofl work are adeseriped and illustrated, I Ss being 
r wed wit 1 deseription of the first wast eat boilers of 
* The use of waste-heat boilers in the cement industry is no trietly moder des and t1 y the theory 0 int i 
trictly speaking, new. The number of installations, however. eloeity. these boil being tall by the Bethlel Steel 
< as been extremely small. and there appear to have been se Co. Results of three tests on 1 latter stallation are 
eral reasons for the non-development of such boilers in t ated 
eld 
it erence — race to Se eral l stallatio s ol vaste eat © 
moners with cement kilns, the first of whieh are typical of ear 
vaste-heat practic while the last is representative of the “While b il e greates unber « Vaste-heat bollers 
nie} design ot this elass of boilers Results of tests of ervice are in the dustries out ee rove ere are . 
leet stallatiolis are ev ‘ trom w ‘ The adva ives the stallations ! mts ot a ( i! e! 
ode vaste-heat design are shown. In this miscellaneous class. while the he illatic 
kaetors of drat. clean yy and leakage are disceussed in at anv singel ndaustr s small, reterenc s made to certain 0 
tail, and the possibilities of savings through the use of waste these to give an idea ot the wide and ried field for develop 
eat boilers this work are pointed out ent the use of waste ‘ 





vee — THE TESTING OF HOUSE-HEATING 
e copper turnaces with whic waste-heat boilers “uve BOILERS 


wen mistalled mav be elassed under two general heads: smelt 
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By L. PP. BRECKENRIDGE and D 





ing rhaces (matte turnaces) and refining furnaces. Bot! 
classes are |! damentally the same in design. though for metal NEW HAVEN. CONN 
lurgical reasons mensions of the two elasses and individua 
Members of the Societs | 
races the two classes are varied considerably 
boxy riences of the Anacor da ( Op per Mi Ing Compal V wil HIS paper diseusses a standard method tor testing ho 1st 
Stirling boilers, of the Cananea Copper Co, with Stirling an T heating boilers, which so tar have not received the at 
Aultman and Taylor boilers installed with copper smelting fu tention of the Power Test Committee of the Society. If all 
aces are described. and also those of the Baltimore Smelting boilers are classified as either power or heating boilers, we } 
and Ret nye Co. with Stirling boilers utilizing the waste heat define a house-heatine boiler as one of the latter group d 
rom copper refining furnaces. Other refining companies signed to serve 2000 ft. of radiation or less. This is equivalent j 
owed the Baltimore Co. in this practice, and the author to a boiler of less than 14.5 h.p Such a boiler is usually o f 
famihar with over 11,000 h.p, of boilers with refining erated with little attention, infrequent firings, low rate of co 
naces alone yustion. and automatie pressure egulatlo by damyper control } 
\s in the foregoing sections, results of tests are tabulate: The satisfactory testing ot house heating boilers by a 
method whieh admits of fair comparison is important tor three 
BEEHIVE COKE OVENS CRUE f 
t On aeeount ot the inereasing cost ot anthracite coal it is R 
rhs class of waste heat is considered because of the very desirable to determine efficient types of heaters and the 
remarkable results being secured from modern waste-heat most efficient method of bur ¢ this fuel ; 
boilers utilizing gases from beehive ovens, and because ot » It is desirable to develop eflicient types of furnaces for j 
the possibilities of saving, due to this utilization, until su other fuels, such as bituminous coal and coke 
time as beehive ovens are replaced (with by product ovens By means of standard tests it is desirable to establish a ; 
Furthermore, there are available figures (given in the papel satisfactory rating system which will eliminate the uncer ' 
from boiler installations made a number of years ago for this tainty of the present ma acturers’ ratings of hous if 
lass of work, and from a comparison with the results today eating boilers 
the great advance in the design of waste-heat boilers nay be 
readily seen.” REQUIREMENTS IN TESTING HOUSE-HEATING BOILERS 
Even granting that beehive ovens will ultimately be replaced : 
with by-product ovens, the author considers that, in numerous The authors believe that a method of testing any apparatus 
plants, an installation of waste-heat boilers would pay for to give results of value should meet two requirements } 
itself many times before such a change could be made, and 
that it would be entirely possible, too, 1n these installations to of i es = awe HY te 8 1016. The paper 
f design the boilers in such a manner that at the time of replac- is here printed in abstract form, and advance copies of the complet: _- 
t ing the beehive ovens the boilers could be dismantled and yee ee ee ee 4 
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a The apparatus should be tested with as many conditions as 
possible equivalent to those under which it normally op- 
erates (except for particular investigations under special 
conditions ) 

b Errors should be so far eliminated or reduced that results 
ean be reproduced. 

To meet the first requirement with a house-heating boiler it 
is necessary to operate at a moderate, reasonable pressure, con- 
trolled automatically, as would be the condition in an actual 
installation. It is proper to fire the fuel in rather heavy 
charges and to give attention to the boiler only at intervals 
of several hours. The fire should not be frequently shaken or 
poked. The temperature of the feed water should be compar- 
able to the returns from a radiator system, and the boiler 
should be supplied with water continuously and uniformly. 
Perhaps the greatest essential is that the test should be started 


Coal Burned per Sq Ft of Grate, Lb 
I 





> 
ia 
} 
+ 
| 
| 
t 
T 
} 
- 


+ 4—__4__4__ 4 4 4p -—+ 4 
| 5 Mie 

= been, ee -—— -4 

a te + ~ 4+——4 


Evaporati on, Lb. Water per Lb.Coal 














30 40 50 60 
Length of Test, Hours 
Fic. 1 Spectra Test TO DETERMINE PROPER LENGTH OF 
HEATING-BoILeR TESTS 


under average running conditions, with the boiler and covering 
thoroughly heated to bring the radiation loss to equilibrium, 
and with a fire neither freshly kindled on bare grates nor 
clogged with ash; in brief, a good, thin, recently cleaned fire. 

The elimination or modification of errors so that results ean 
be verified by several tests presents some difficulties. The 
measurement of coal fired in the boiler is a matter of careful 
weighing. Determining how much coal has been burned is 
necessarily somewhat uncertain. The method of starting and 
stopping described later, the authors believe, decreases the 
error of measurement, yet makes the test under normal run- 
ning conditions. The low rate of combustion in house boilers 
and the small amounts of fuel involved make long tests essen- 
tial. It is necessary to burn at least 40 lb. of coal per sq. ft. 
of grate area, or to test for at least 12 hours, to secure results 
that can be approximately duplicated. The error in coal meas- 
urement is then distributed over an amount large enough to 
make it a small percentage of the total. That shorter tests are 
unreliable is shown by the diagrams of two special tests, Figs. 
1 and 2. In these tests, from the start to any one of these end- 
ings may be considered a complete test. The evaporation per 
pound of coal has been calculated for the several periods 
from the start to the successive closing points, and these per- 
formance values are plotted against the elapsed time, that is, 
the durations of the corresponding periods. The heavy hori- 
zontal line represents the average evaporation for the longest 
period. The vertical distance of any point from this line is 
the error in the caleulated rate of evaporation which would re- 
sult from closing the test at that time. Very little gain in 
accuracy is secured by long tests. 
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CONTROL OF BOILER OUTPUT 


The output of a boiler during 
one of several ways or it may be 


a test may be controlled in 
allowed to vary. The latter 
condition reproduces, strictly, house operation, where the heat- 
ing Sut test- 


such a plan would be very unsatisfactory; for the 


load is uneven, depending on wind and weather. 
ing on 
duplication of a test would be a matter of chance, and innum- 
erable experiments might be necessary to produce a perform- 
ance curve for a fair range of output. Some control is desir 
able, preferably by a constant and accurate method. Con- 
densation in radiators or piping, the amount of surface that 
is open to steam being regulated, is too variable. An orifice 
of some kind is a better control. However, the pressure in 
the boiler is not even, and the discharge of steam directly 
through a certain opening would not be uniform. An excel- 
lent arrangement seems to be to maintain a pressure of 2 lb. 
per sq. in. in a receiver by an automatic pressure-reducing 
valve, the boiler carrying 3 to 8 lb. The discharge from the 
receiver through a given area is then constant. The authors 
believe that a tapering needle valve is more satisfactory than 
a set of changeable orifices, as it facilitates varying the load 
during operation. 
the 


method of control. 


A bank of valves of varying size, open- 


ing from receiver, 1s another convenient and suitable 


The exhaust steam may be used to warm 
the feed water or it may be condensed and used again. 


The method of feeding the water to the boiler is not impor- 








tant provided a steady, easily controlled flow is seeured. The 
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measurement of boiler output may be made either before or 
after the water goes to the boiler. An extremely convenient 
method is to draw the water supply from a tank fitted with a 
long gage glass and scale. The level is quickly noted and no 
“weighing back” is necessary. The tank should be carefully 
calibrated, by weighing, over the entire range between the ex- 
treme levels reached. A duplex water-driven pump is a very 
convenient device for feeding the boiler wherever city water 
pressure is available. 

METHOD OF STARTING TESTS OF HOUSE-HEATING BOILERS 

The authors have found the following method for starting 
house-heating boiler tests very satisfactory. A preliminary 
fire is carried until the boiler is well heated and operating at 
the usual pressure, about 5 lb., and the load at which the test 
is to be made. When conditions are considered stable, the 
preliminary fire is allowed to burn down, the pressure begins 
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to fall, and the fire is shaken, which retards the pressure drop 
The fire 
is now thin, clean, burned-out, but still hot enough to kindle 
fresh fuel. 


temporarily; but soon a pronounced fall is noticed. 


When the pressure reaches a given point, perhaps 
3 lb., the necessary measurements are made, including a care 
the thickness of the fuel 


coal is and the test is 


ful determination of bed, the first 


charge of weighed fired, considered 


started. When the test is drawing to a close these same con- 


ditions are readily duplicated, and at a point, after shaking, 


when the pressure falls to 3 |b., the test is coneluded. The 


ash should be shaken out until the thickness of the fuel bed 


is the same as at the start. The events outlined are charac 


teristic, and a recording pressure gage pictures them very 


clearly. The accompanying diagram, Fig. 3, was copied from 


a pressure chart made during an actual test. The periods of 
falling pressure immediately before the beginning and ending 


of the test, as well as before each firing, are quite distinct. 


PROPOSED UNIT OF CAPACITY FOR RADIATORS AND HEATING 


BOTLERS 


The capacity or commercial rating of a heating boiler has 
always been given in terms of the direct radiating surface 
which it would serve. The unit usually employed is the “ foot 
of radiation,” commonly understood to be that surface which 
will condense a quarter of a pound of steam per hour at 2 |b. 
pressure when in still air at 70 deg. fahr. Originally the foot 
of radiation meant a square foot of radiating surface, but in 
provements in design and arrangement enabled manufacturers 
to secure this condensation with less surface, and consequently 
less weight of iron. The result has been a variable and de 
for the “ foot of 


In fact, the unit has become, as it should, dependent entirely 


creasing value in square inches radiation.” 
on condensation of steam, which means a heat transfer, rather 
than on any particular area of metal. 

If the unit is considered as a certain number of heat units 
it is applicable to boilers directly, as well as to radiation. 
There are many reasons why it would be convenient to have a 
capacity unit for heating boilers comparable to the capacity 
unit for power boilers, i.c., the boiler horsepower. The au 
thors propose, therefore, the following definition of a unit for 


stating the capacity of radiators and heating boilers: 


The “ foot of radiation’ 


steam condensed from and at 212 deg. fahr. per hour. 


shall be a quarter of a pound of 


This is equivalent to a heat transfer of 242.6 The 
condensation of a quarter of a pound of steam at 2 lb. pres- 
sure is equivalent to 241.5 B.t.u. 


little change in the heat equivalent of the unit. 


stu. 
There is, therefore, very 
Although 
there is no direct connection between the unit as defined above 
and a square foot or any particular area of radiating surface, 
yet the authors favor the retention of the old name for the 
same reason that boiler horsepower was continued, although 
that unit bears no relation to the standard horsepower. 

The advantages of the above definition of the “ foot of ra- 
diation ” are: 


a The heating- and power-boiler capacity units are based on 
the same physical conditions. 

b They are mutually convertible by the factor 138. 

ec Radiation is rated without reference to surface, so that effi- 
cient designs and arrangements are benefited. 

d The unit is applicable to hot-water radiators and heaters 
by determining the heat transfer. (The result may be 
called “ equivalent feet of radiation ”). 


L. P. 
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The authors recommend that radiator tests to determine 


rating be made with steam at 2 lb. pressure and in “ still air” 
at 70 deg. that 
erated at from 3 to 8 lb. pressure. 


fahr., and suggest 


boilers under test be op- 


PROPOSED HOUSE-! 


EATING BOILER CODE 


The paper proceeds to give the proposed individual code for 
house-heating boilers to be used in conjunction with the First 
Section (General Matters) of the Report of the Power Test 
(‘ommittee of the Mechanical Engineers. 
[his eode follows closely the A.S.M.E. boiler code of 1915, 


differing materially only in the with the 


American Society of 


paragraplis dealing 





PressurE CHuart or Test or A House-HEATING 


Fig. 3 


BOILER 


duration of tests, the method of starting and stopping tests, 


and the ealeulation of results. 


These paragraphs are given 
below. 


DURATION 


The duration of tests to determine the efficiency of a house- 
heating boiler should be at least 12 hours of continuous run- 
ning, or such time as may be required to burn a total of 40 
lb. of fuel per square foot of grate. The duration of tests 
which inelude periods of banked fires should not be less than 
24 hours. The duration of tests to determine the maximum 
evaporative capacity of a boiler without determining the effi- 
ciency should not be less than 3 hours. 


STARTING AND STOPPING 

The conditions regarding the temperature of the furnace and 
boiler, the quantity and quality of the live fuel and ash on 
the grates, the water level, and the steam pressure, should be 
as nearly as possible the same at the end as at the beginning 
of the test. 
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lo secure the desired equality of conditions the following 
nethod should be employed: 


The furnace should be well heated by a preliminary run of at 
least an hour under all the conditions at which it is proposed 
to test. <A suitable pressure for running the boiler while 
under test is from 5 to 8 lb. During this run the operation 
of the pressure-reducing valve and damper control should 


be tested, and the setting of the output-control valve should be 


verified. ‘The fire should now be allowed to burn low, which 
will resuit in a falling pressure. When the pressure reaches 
a chosen point (3 lb. is recommended), the fire should be 


shaken clear of ash, the thickness of fuel bed noted, the 
vater levels in boiler and feed tank recorded, together with 
steam pressure, draft, flue temperature and the other usual 
data. ‘The first charge of weighed fuel should now be fired and 
the time recorded as the starting time for the test. The test 
should be ended when the fire has burned low and it is im 
possible to check the pressure fall by shaking, as at the start. 
When the pressure again reaches the chosen point the final 
readings should be made, the ash shaken out until the fire 
is the same thickness as at the start, and the time recorded 
is the stopping time. It is advisable to regulate the feed 
so that the water in the boiler is brought to the starting level 
and held there, toward the end of the test. All ash should 
be removed from the ashpit immediately after the fire is 
shaken down at the beginning of the test and again at the 
end. The second lot, with any that may have been drawn 
during the test, should be carefully weighed 


CALCULATION OF RESULTS 


The 


those results whieh are not self-evident or 


method to be followed in expressing and ealeulating 


stated in detail in 
the Boiler Code, is as follows: 

The capacity of the boiler in “ feet of radiation” served is 
found by dividing by 242.6 the total heat absorbed pet 
hour by the water in the boiler, expressed in British ther 
mal units. 


THE PROPORTIONING OF 
CONDENSERS 


By GEORGE A. 


SURFACE 


ORROK, NEW YORK, N. Y. 


Member of the Society 


URING the discussion of my paper on The Transmissio: 

of Heat in Surface Condensation,’ I was asked to pre 

sent formule covering the application of the results of my 
experiments to the design of surface-condensing apparatus. 
Since the appearance of the paper there have been a numbe 
of papers on allied subjects whose authors have approached 
the subject from a somewhat different standpoint, and the 
conclusions presented have been of varying character and use 
Only 
one author, Loeb, has presented new experimental data which 


fulness in the design of surface-condensing apparatus. 


ean be used for checking the heat-transfer constants, but con 
siderable mathematical work has been done along the line of 
following out Jordan’s deductions from Osborne-Reynolds’s 
statement of the law of heat transfer. 

[ propose in this paper to diseuss the state of the art of 
“ heat transfer in surface condensation,” and to establish de- 


sign formule for use in proportioning condensing apparatus. 


THE PROBABLE LAW OF TEMPERATURE RISE 


The law of temperature rise of the water in a condenser 


tube is still unknown. My own tests led me to believe that 


Trans. Am.Soc.M.E., vol. 32, p 
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this law departed somewhat from the logarithmic law as stated 
by Smith and Josse, but their results are sufficiently variant to 
allow 


for a slight modification. Loeb, however, has presented 


a set of tests with plotted curves, from which he deduces that 
the law is of the exponential form, with approximately 0.9 as 
the exponent. My plotting of iis numbers places the expo 
ent nearer 0.8, both of 


tigure of 0.875. 


which are not far from my adopted 


These variations are not of prime importance 


for practical design, and indeed may be caused by the appa 


ratus used in the making of the experiments ; and | am still of 


the opinion that we may use \ K6 as the basis of our 


work, NV being the total heat transfer per sq. ft. per hour u 


B.t.u., 6 the temperature difference, and K a constant deter 


} 
mined by experiment. 


SCOSITY NOT AN IMPORTANT FACTOR IN 


DESIGN 


li has beel 


stated London Engineering (Jan., 1914) that 


the extreme variation in the results of heat-transter experi 


ments has been caused by a neglect of the variation due to 


the viscosity of the water, and quite an extended argument 
was given to show that some of these experiments were reco! 


ciled Wilson has 


this method to its logical conclusion in his paper, A 


when the correction was applied. carried 


Basis for 
Design of 


Rational Heat-Transfer Apparatus,’ 


Our 


lately pre 


sented to the Society. work in the design of surface 


condensers, however, 1s mainly concerned with a very small 


Variation 1 


temperature, the upper limit of which is fixed 


by the vacuum earried at somewhere between SO and 90 deg. 


fahr., while the lower limit in Ameriea is between 65 and 70 


deg., and in Europe perhaps a few degrees lower—in all a 


variation of perhaps 20 deg. In the winter we can carry 


vood vacuums with low heat transfer and our troubles are 


few, but the problem is the summer problem, and here the 


difference in viscosity is small. As a matter of fact, | believe 


Osborne-Reynolds’s straight-line law does not apply where 


there is a change of state at either side of the metallhe surface. 
Observers making use of this hypothesis have been frequently 
misled by the bunching of the results in the condenser range, 
with the 


consequent spreading ot the results outside this 


range. This may be seen in Fig. 8 of Wilson’s paper 


CRITICAL VELOCITIES NEED NOT BE CONSIDERED 


There has been considerable comment on the effect of 


stream flow and turbulent flow on the heat transmission, and 
as there is a marked change in the friction characteristics be 
tween the two states of flow, the conclusion 
that there 


characteristics. 


has been drawn 


will be a similar effect on the heat-transmission 


Osborne-Reynolds investigated this subject 


and gave formule for the critical velocities. He finds 


critical velocities, the lower, which we may eall V., below which 


two 


all motion is stream-line and if disturbed artificially will re 


turn to stream-line flow; and an upper critical velocity, | 


above which all motion is turbulent. 


Between the two is a 
field in which stream-line motion may be maintained if no arti 
ficial causes upset it, or turbulenecy may be set up and will 


maintain itself when so started. He gives formule for these 


two velocities, which, following Parker, are 
0.0388 P 


0.2458 P 
V, and JV, = 
D D 


1 Trans. 


Am.Soc.M.E., vol. 37, p. 47. 
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where D is the internal diameter of the tube in feet and P is shown in my 1912 paper,’ and a term introducing the second 

Poisseuille’s ratio, i.e., the ratio between the viscosity and  jower of the pressure ratios recommended to allow for it i 

density of the water. If the values of v viscosity and 4 design. This subject is still unsettled and will remain so until 

density be taken in C.G.S, units, Simith’s experiments are repeated on a proper seale, wit! 

nown amounts of air present in the condenser. We may say 

f » | 1.000 at 0 deg. cent.(32 deg. falhr. that the term (P,/P,)* represents the reduction of heat trans 
: P = 56.2 ~ < 0.734 at 10 deg. cent.(50 deg. tahr. ) 


mission by air, with a possible variation of 10 per cent. The 
7 s ? mr Ce Sf) sor ts . . . . 
0.455 at 30 deg. cent. (86 deg. fahr. ) difficulty is in obtaining a figure for the amount of air present 
at , and its temperature. The use of the air bell enables the oper 
[his agrees with Osborne-Reynolds’s value, which 1s I . 

; ating man to keep his leakage down to the minimum, and 











‘ ] vhere water-jet air pumps are used the addition of the testing 
P 1 + 0.0336 T + 0.000221 7° dry vacuum pump and air bell will usually pay for them 
selves in a very short time. 
where 7 is the temperature in centigrade degrees (not the The attempt to find a better tube material than Admiralty 
absolute temperature, as stated in Wilson’s paper). The brass has failed, and the standard tube today is a heat-treated 
table of correction factors in Wilson’s paper may be used as  Admiralty-mixture tube whose material coeflicient is 0.98 
a table of P by multiplying the correction factors by 0.625, This coefficient can now be neglected. A number of experi 
thus correcting the values to 32 deg. fahr. The critical veloc ments with dirty and oxidized tubes have been made, but since 
ities for a l-in. No. 18 B. W. G. condenser tube will then be as it is possible to clean a tube by mechanical means and secur 
follows, 7 being the mean temperature of the water: the original heat transmission, the cleanliness coefficient may 
: be also. neglected in design and only used in checking up a 
a 10 50 60 70 80 90 100 115 130 +150 «©condenser test where allowance must be made for a dirty tube 
V 0.50 0.422 0.362 0.318 0.278 0.25 0.224 0.192 0.166 0.14 eondition.’ 
: ee ee ee Assuming that I had practically air-free steam in the : 
In condenser practice and in most of the apparatus for heat- experimental apparatus and clean tubes, the value of K is 
| transfer experiments it is nearly certain that the flow is turbu- i re 470. The value 630 given in my paper was 
lent above V.. Velocities from 6 to 10 ft. per see. are the arrived at by assuming an air pressure of about 0.065 in. of 
common range in modern surface condensers, so that in every '"!ereury. If the air-term influence be taken to the second 
practical ease the eritical velocity need not be considered. power, K 570. In both cases 90 per cent cleanliness and 
0.98 tor material were assumed 
We know that the results of single-tube experiments may be 
CONDITIONS DETERMINING THI ‘LUE OF THE COEFFICIENT K approached in real condensers, and the closer the approacl ‘ 
when the condenser is supplied with sutheent steam the better 
Surtace-condensing apparatus is neve! tested to the capac the performance of the condenser. We know that they neve! \ 
ity of the surface to transfer heat, and Gibson and Bane can be approached with light loads or with eolder water, be- 
have shown this in their characterizing the “ active” and “ in cause only so much heat is transferred as is present. This 
active’ zones in a surface condenser. he condenser must be definitely prevents the use of Jordan’s “ mass flow” formula 
designed for the maximum load that may be put on it whe or the electric resistance simile. These hypotheses can only be 
the entering water is at its maximum temperature, and addi true where no change of state takes place, and this onmiittes H 
j tional surface must be installed as a factor of safety against jg entirely foreign to heat transfer as met with in condenser 
dirty, oxidized tubes and the presence of undue amounts of practice. ; 
air. The depression of the hot-well temperature below the We may now put down the following principles: 
vacuum temperature, a well-marked phenomenon in many cor | 
densers, may be eliminated by good design, and many tests by a The law of temperature rise in the tube is of the exponen 
careful investigators have been reported in which the depres tial form, with 0.875 = % (0.9 or 0.8, perhaps) as the 
sion was zero. Certain designs of the dry-tube type may give exponent. 
hot-well temperatures somewhat higher than the average tem b We may neglect viscosity for design purposes in America 
perature in the condenser. The hot-well depression is espe- where the water temperature is 65 to 70 deg. fahr. R 
cially marked where drowned lower tubes are used. and the vacuum 28 in. and over. ‘ 
Neilson and others have objected to conclusion (b) in my ec We may also neglect critical velocity, since all condenser 
1910 paper® that the heat transmission is approximately pro- velocities are far above it. } 
portional to the square root of the cooling-water velocity. d For velocities in condenser practice we may take K as ! 
Within the condenser range the experiments may perhaps be varying as the 0.6 power of the velocity. , 
better represented by KV,°* instead of KV,°°. Weir (Trans. e The reduction in heat transmissive power due to air is very 
[.E.S.S.), in his paper read Oct. 22, 1912, gives a curve for the approximately covered by the use of a term (P,/P,)’ as a ; 
relation of U to V, for design purposes. The curve corre- reducing factor of K. 
sponds very closely to U = 250 V."", the maximum variation f/f For design work we may reduce the value of K once for 
being less than 2 per cent. It is possible that a closer agree- all to account for the cleanliness of the tube and the mate- 
ment might be seeured by using more figures in the exponent, rial itself. 
but such a procedure is hardly necessary, as probably we have g The value of K will then be reduced to somewhere between 5 
already exceeded the accuracy of our experimental apparatus. 300 and 400 for design purposes, say 325 for average 4 
The effect of air in reducing heat transmission has been good working. ‘ 
y 
* Trans. Am.Soc.M.E., vol. 37, p. 975. ‘Trans. Am.Soc.M.E., vol. 34, p. 713. : 
? Trans. Am.Soc.M.E., vol. 32, p. 1135. 2? Report of Com. on Prime Movers, Natl. Elec. Light Assn., 1916. 4 
u 
4 
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CONDENSER DESIGN 
THE AUTHOR’S METHOD 


Condenser specifications usually call for the condensation of 
a certain amount of steam per hour, W (lb.), and the mainte- 
nance of a vacuum referred to standard barometer or absolute 
pressure, P,, with condensing water at a certain temperature, 
t,. The quantity of condensing water, Q, the hot-well tempera- 
ture, t,, the power used by the auxiliaries and the steam con- 
sumption of the auxiliaries may be also specified, but the prob- 
lem is reasonably determinate when W, P,, and t, are known. 
It is important that the place of measurement of the vacuum 
P, be specified, as there is a well-defined drop through most 
condensers, the vacuum being greatest at the air-pump suction, 
less in the condenser, and least at the prime-mover .nozzle. 
This drop may amount in well-designed condensers to 0.2 in. 
of mereury. The specified vacuum should be measured at the 
prime-mover nozzle, and the designer, according to his judg- 
ment, will then allow 0.1 to 0.2 in. for the drop in the con- 
denser. 

The absolute pressure in the condenser will then be 29.92 
(vacuum -+- 0.2 in.) = P,. The steam tables may now be con- 
sulted and ¢t, the temperature corresponding to the vacuum, 
A =the total heat and q =the heat of the liquid be taken 
therefrom. The final temperature of the condensing water ap- 
proaches t,, and for elose work may be t, = ¢t,—5. In or- 
dinary practice, ¢ t, —7°, or in some cases 8° or 10°. The 


ratio of condensing water to steam condensed, which is 


G 
RP =n , may next be found. 
; } 


rn) 


Many designers consider it 


close enough to use 1000 for A — q, on account of the moisture 


in the exhaust steam, and some few use 968. I prefer to use 
i —q not on account of its accuracy but as a slight factor of 
WR in lb. per 


safety. @, the quantity of condensing water 


hour. 

At this point the size and thickness of the condenser tubes 
as well as the water velocity must be chosen. Most of the 
large installations in Eastern United States use 1-in. tubes o1 
account of bad water conditions, although it has been stated 
that smaller tubes are more efficient (vide Weighton, Neilson, 
and Weir). 
point, although from Leeb’s work on 34-in. tubes we may de 
duce a value of K = 600 against K = 470 for my experiments 
on a 1-in. tube. 


There are no definite experiments to decide this 


Nevertheless, it is doubtful if anything is 
saved by the use of anything smaller than *4-in. when the 
pumping head is considered. 114-in. tubes have also been used, 
but the consensus of opinion seems to be that a 1-in. tube ean 
be cleaned better, keeps in good condition longer, and ean be 
made better than: either smaller or larger tubes. Let us take 
l-in. tubes, No. 18 B.W.G., as standard. The formule may 
readily be altered for other sizes of tubes when the constants 
are known. 

With 1-in. tubes velocities from 7 to 10 ft. per see. are now 
usual. We may take 8 ft. per sec, as the standard value for 
V we 

The number of 1-in. tubes in one pass will be given by the 
formula 


_ _Q 
~ 9907," 


The length of water travel (1), or the total tube length, may 
be found from 
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30.8 Q 


5V.°* 


n 


and the total tube surface S from 
S 0.262 nl 


With 1-in. tubes from 40 to 80 will oceupy 1 sq. ft. of tube 
plate area, depending on the spacing and general design. The 
average will be about 60, making the cross-sectional area of 
the condenser (sq. ft.) equal to (m & number of passes) — 60. 
If there are two passes the length of the condenser will be 


depth of water boxes. 


BEST TUBE LENGTHS AND TEMPERATURE RISES 


The paper here gives the condenser formule proposed by 
Neilson in his paper read before the Institution of Engineers 
and Shipbuilders of Scotland, together with those published 
in Morrow’s Steam Turbine Design, and in Bauer and Lasche’s 
Marine Steam Turbines. These, writers use the arithmetical 
mean for the mean temperature difference. Neilson says, 
“ Equations for 9,, involving the use of hyperbolic logarithms 
are not to be recommended for condenser design.” the reason 
being that the steam-air mixture in the condenser is not homo 
geneous. Weighton, upon whose experiments Morrow’s work 
is largely founded, did not consider 6 at all in his paper. 
Many other authorities follow this rule also, and I must ae 
knowledge this position to be correct providing that equal i: 
crements in the temperature rise of the water in the con- 
denser tube accompany equal increments of length. The tests 
of Smith and Josse as well as my own have definitely proved 
that this is not so. Thermometers placed in the water boxes 
of any two- or three-pass condenser will also show this faet 
very plainly. 

Now for each curve of temperature rise except the arithmetic 
there is a definite relation of ld which is best for any given 
condition. Under the arithmetical law any values of d, n, and 
1 which will give the necessary surface should be equally effi 
cient, and 10 tubes 100 ft. long should work as well as 1000 
tubes 1 ft. long from the heat-transfer standpoint. 

The differences between the logarithmic law and the ex 
ponential with an exponent between 0.9 and 0.8 are quite 
small, but the length of the tube required by the formule 
is considerably shorter using the logarithmic formula. These 
length formule may be derived from the expressions for S 
given in the fourth column of the table on p. 1152, vol. 32, 
Trans. Am.Soe.M.E. 

Taking the steam temperature t, at 90 deg., the entrance 
water temperature ¢, at 70 deg., and the discharge at 80 deg., 
with a water velocity of 8 ft. per see. and 1-in. tubes, I figure 


the best tube lengths and temperature rises as follows: 


Tube Length, Ft. Rise in Deg. Fahr. 


Arithmetieal Law........ 23.2 
Logarithmic Law.........24.0 
Exponential Law (expo- 


nent — 0.875).......26.8 


0.4310 deg. per ft. of tube 
0.4918 deg. in first foot 


0.5624 deg. in first foot 


It is to be hoped that some investigator will definitely settle 
this question on which so much in condenser design depends. 

The paper gives a logarithmic chart for the ready determina- 
tion of such fractional and decimal powers of numbers as are 
called for by the formule given. 
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WATER FOR STEAM BOILERS—ITS SIG- 
NIFICANCE AND TREATMENT 


By ARTHUR C. SCOTT, DALLAS, TEX. 


Member of the Society, and 


J. R. BAILEY, AUSTIN, TEXAS 


Non-Member 


] N recent years the value of a critical analysis of production 
costs and operating effiaences has become prominent 1 


the business of manufacturing, and since water 1s necessary 


/ 


for the operation of nearly every industrial establishment, its 


qualily is receiving more attention than formerly. The plant 


owner is rapidly modifying his views heretofore concerned 
only with the available quantity, because of the important 
factor in the operating cost due to the use of water unsuited 


to the service required, This is especially significant in steam 


Vl aku uy 
No general sourée of water supply, whether lakes or ponds 


of surface water, rivers, or wells of varying depth, is free 


from impurities obtained either from filtration through the 


earth or trom the air, or from both. 

Water from lakes or large reservoirs is ordinarily most sat 
isfactory for boilers, since it is chiefly rain water and surface 
drainage, 


settle 


and the suspended matter has had opportunity to 
Under conditions of a long drought, however, as the 
reservoir capacity is reduced, the organic matter from algal 


growth and other sources may have an appreciable effect upo 


the quality of the water. 


River water is more or less variable in character, depending 


upon the location and extent of the watershed or drainage 


basin and upon the rainfall. Slow-moving rivers may carry 


a large amount of mud, some of which settles out readily, while 


the red or vellow mud will generally remain in suspension a 


long time unless some coagulant like sulphate of alumina is 


used. A river frequently picks up considerable organic mat 


ter, which by decomposition forms organic acids that corrod 
boiler metal. The character of 


the drainage area of a rive 


will affeet the character and content of dissolved mineral mat 
ter in the water, and this will vary more or less with the sea 


son of the year and may vary from day to day part of the 


Well water varies in quality with the location and depth 


of well and with the rainfall. Water from deep-well sources 
is usually low in organie matter but contains mineral constitu 


ents dissolved by the water in passing through the earth. 


BOILER FAILURES AND 


LOSSES DUE TO SCALF 

Reports show an increased number of dangerous defects in 
boilers from year to year due to seale, corrosion, priming, ete. 
Aside from the dangerous condition of a “ sealy ” boiler, scale 
also means fuel waste, ranging according to the thickness from 
2 per cent for 1/64 in. thickness, to 90 per cent for 34 in. as 
a general average. 

Other troubles through scale are clogged feed pipes and 
water- and steam-gage connections, and valves prevented from 
completely closing. 


‘Professor of Organic Chemistry, University of Texas. 


For presentation at the Annual Meeting of The American Society 
of Mechanical Engineers, New York, December 5 to 8, 1916. The 
paper is here printed in abstract form, and advance copies of the 
complete paper may be obtained gratis upon application. All papers 
are subject to revision. 
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WATER-SOFTENING PROCESSES 


The common methods of reducing seale troubles are: 


cold 


intermittent 


softening of 


1841 


a two types of processes for the actual 


water: the originating with Clark in 
and the continuous invented about 1867 
» the hot process 
live-steam purifiers 
/ boiler compounds 


large plants hundred 


ised, a considerable expenditure is justified 


For very where several thousand gal- 


lons per day are 


for tanks and mechanical equipment for the cold process of 


purification, which 1s fundamentally a treatment of the water 


with proper amounts of milk of lime and soda ash. These 


cold processes pertorm their chef service in solttening 


water 


for locomotives and in large plants where water is used in 


considerable quantities in barometric 


connection with jet or 
condensers, or where it must be softened for other purposes 
than boiler feed alone. 

The hot process is particularly desirable for plants where 


exhaust steam is available. Purification of the water is partly 


obtained by heating to the approximate boiling point, but 
sufficient soda ash is added to satisfy the alkaline earth sul- 
phates and chlorides and any acid present. The essentials are 
heat and soda, and the whole scheme is virtually embraced in 
the ordinary operation of an open-type feed-water heater, with 
the introduction of soda ash into the hot water. 


Live-steam purifiers are useful as partial purifiers, but are 
always subject to boiler pressure, heat, must be 


placed higher than the boiler level, and frequently give trouble 


waste some 


from water hammer. 


Boiler compounds are more ot! less palliative in the r action 


and produce results by (a) acting as chemical reagents com- 


bininge with the seale-forming in 


purities, breaking them up 
and precipitating them as sludge; (b) acting mechanically on 
the precipitated seale-forming matter and entrapping it as it 


is precipitated from solution before it has formed a hard, ad- 
herent seale. Exam} les of materials in use under (a) are soda 
ash, caustic soda, trisodium phosphate, sodium fluoride, 


and unde1 


and 
compounds of tannin; (>) gelatinous or starchy ma- 


terials, such as ground bones, hoofs, 


horns, slippery elm, and 
potatoes, 


Boiler compo inds are to be recommended for use o1 ly in 
small plants whose capacity will hardly justify arrangements 
to purify the boiler. The steam 


water before it enters the 


boiler should be used primarily for generating and storing 


steam energy, not as a precipitating tank. If it must be used 
partly as the latter, it is most economical to have the feed 
water analyzed, and the character and amount of chemical re- 
agents determined to effect the necessary purification. These 


reagents, of definite strength and known amount properly 
proportioned for the conditions, should be pumped in with 


the feed water as it passes into the boiler. 


BLOWING OFF BOILERS 


The main factors in ordinary boiler-water purification are 
heat, soda ash and blowing off, with possible filtration when 
this can be arranged, as is sometimes done with the hot process. 
The blowing off is important. It should be done under low 
pressure to be effective in carrying out the sludge and to re- 
duce the boiler stresses coincident with rapid blowing under 
high pressure. If it must be done under high pressure, the 
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valves should only be “ eracked ” 
of the 


; otherwise only a small part 
the 
whirlpool formed draws down clear water, leaving the main 


sediment will be carried out, because vortex or 
body of the sludge intact. 

Undoubtedly some of the troubles recorded as due to scale- 
forming water are really attributable to the disregard of 
proper methods of blowing off, and to the pumping in of cold 


water, thereby overstraining the boiler material. 


KEROSENE FOR SCALE TROUBLES 
The success of kerosene oil in removing and preventing scale 
To be effee- 


tive the oil should be put in after the boiler is emptied and 


is undoubtedly due to mechanical action alone. 
washed, and the boiler should be refilled slowly from the bot- 
tom. It is useless to pump the kerosene in with the feed 
water, for it may tend to form a non-conducting film over the 
heating surfaces that will introduce an element of danger. 


BOILER TROUBLES CAUSED BY CORROSION 

The trouble due to corrosion of sheets, tubes, stays, ete., is 
in some cases more acute than ever oceurs with seale. Car- 
bonie acid gas, occluded oxygen, and sodium and magnesium 
chlorides are the most frequent offenders, and the chlorides are 
so difficult to remove that the cost is practically prohibitive. 

Corrosion due to the chloride ingredients is particularly de- 
struetive to steel boiler tubes, hot-water piping, and _ brass- 
seated valves. Galvanized steel pipe is not immune, because 
any defect in the zine coating permits local galvanic action, 
Water 


with as much as 500 parts to a million of these chlorides, espe 


with consequent rapid destruction of the zine coating. 


cially when hot, is destructive to steel pipe and fittings. 
Waters are frequently both scale-forming and corrosive; 
usually a water having a corrosive tendency will be more o1 
less seale-forming. Caustie or carbonate alkalies or caustic 
lime act as neutralizing agents for corrosive ingredients, but 
must be carefully handled or the seale-forming matter will be 
the 


increased. ‘Their use should be confined to treatment of 


water outside the boiler if possible. 


BOILER TROUBLES DUE TO FOAMING OR PRIMING 

Boiler troubles due to foaming or priming apparently de 
pend iargely upon the concentration of alkali salts in the wa- 
ter, although silt, organic matter, loosened scale, lubricating 
oil, character of load and design of boiler all have an appre- 
ciable bearing upon this phenomenon. 

Surface blowing is a remedy where it can be applied, and 
usually the proper use of the main blow-off will reduce the 
concentration of salts in the boiler. 

There are many natural waters of sufficient alkali content 
to produce immediate foaming whenever the pressure at the 
surface of the water in the boiler is relieved by the sudden and 
large use of steam. As there is no chemical treatment that 
will precipitate alkalies from solution, such waters are to be 
rejected for boiler use. 


WATER TREATMENT 


CHEMICAL PROCEDURE IN WATER SOFTENING 
Excepting waters containing hydrogen sulphide, all natural 


waters contain the same ingredients. The analytical chemist 


A. C. 
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the determinations in the 
sample of water which he investigates, unless the water con 


He 


the following important basic and 


makes same sume way on every 


tains hydrogen sulphide. determines silica, iron oxide, 
and alumina, together with 
acid ions: 


lons (B) 


Potassium and Sodium 


Basic Acid Ions (.1) 
Chlorine 

Magnesium Carbonic acid 
Calcium Sulphurie acid 
all the determinations without ex 


perimental error, the basic ions (B) would be found present 


Were it possible to make 


in just the right amount to combine with the acid ions (A), 


forming “ salts.” Chemists universally regard the ions as the 


form in which salts exist in solution, but engineers are more 
accustomed to water analyses expressed in the form of salts. 
When so given the nature and amount of chemical treatment 
necessary tor softening water are very clearly shown. 

In the discussion of boiler waters it is well to divide the 
salts present into (1) the alkali salts, that is, the salts of po 
tassium and sodium, and (2) the calcium and magnesium salts. 
The alkali salts do not crystallize out under the conditions 
attained in the boiler, and therefore cannot produce scale. 
Apart from the small amount of silica, oxide of iron, and 
alumina, the seale formed in boilers is due entirely to caleium 
and magnesium salts. These are commonly spoken of as con 
stituting the hardness of water, and it is customary to divide 


hardness into two kinds—temporary and permanent. 


HARDNESS IN WATER AND ITS REDUCTION 


The combined biearbonates of magnesium and ¢alcium cor 
stitute temporary hardness, while the other salts of magnesium 
and calcium constitute permanent hardness. Temporary hard 
ness can always be expected in river, spring, and well waters, 
but a great many waters do not possess permanent hardness. 
Waters with less than 8 grains per gallon of seale-forming 
material are considered very good: 8 to 15 grains good; 15 to 
20 fair; 20 to 30 poor; 30 to 40 bad, and over 40 very bad. 
Scale due principally to temporary hardness will deposit as 
a loose sludge, readily blown off. Where the ratio of perma- 
nent to temporary hardness exceeds 1 to 4, the seale will be 
hard, cement-like, and very adhesive to boiler metal. 

Water treatment, or removes the greate! 


softening, part otf 


the calcium and magnesium. The bicarbonates are removed 
practically altogether, but of the sulphates and chlorides the 
calcium and magnesium are removed and the SO, and Cl left 
in the water. As an equilibrium must exist between the basic 
and acid ions, other basic ions must be substituted by adding 
soda ash. 

When water is softened outside the boiler and the sludge 
removed by sedimentation and filtration before the water en 
ters the feed-water heater, the chemicals used in the treat 
If the lime 
and magnesium are present as temporary hardness alone, that 


ment are either lime alone, or lime and soda ash. 


is, aS bicarbonates with the sulphates of these bases absent, 
lime suffices for the chemical treatment. If either the mag- 
nesium or both the magnesium and calcium are present in 
other salts, the lime treatment must be supplemented by soda- 
ash treatment. No chemicals other than lime and soda ash 
are used under ordinary conditions in water softening. There 
are others that would do the work more efficiently, but their 
cost precludes their use. 

The paper here gives the chemical calculations entering into 
water softening, including those for the reactions and the 
quantities of the reagents necessary for softening a given water. 
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CHEMICAL CONTROL IN WATER SOFTENING 


No matter what the patent features of a water-sottening 
system may be, it is impossible to regulate automatically the 
feed of chemicals to compensate fluctuations in the sealing 1 
gredients of the water. The best results can be obtained only 
by controlling with chemical tests the successive batches of wa 
ter treated. They require the use of standard acid in connec 
tion with two indicators, phenol-phthalein and methy! orang: 
with the use of a standard soap solution. 

The paper here gives a list of apparatus needed and direc 
tions for performing tests for hardness, eausticity and alka 
linity. The operator in a softening plant very 


SOOT learns 


how to make use of 


the knowledge obtained trom these tests 


in producing a satisfactory boiler-teed water. 


CORROSION AND FOAMING 

Pitting and corrosion in boilers are frequently due to mag 
nesium chloride and less often to calcium chloride. Either of 
these salts is very pernicious in that on hydrolysis it produces 
free hydrochloric acid. This action is, however, in large meas 
ire counteracted when the runs hg! 
Waters high Larg¢ 
amounts of sodium chloride also tend to make waters corrosiv: 


Sore 


temporary hardness 


nitrates are always highly corrosive. 


waters very low in mineral content produce corrosion, 
especially at the feed-water intake, owing to a large amount 
of dissolved oxygen and free carbonie acid. Peaty waters are 
harmful to boilers by reason of the vegetable acids which they 
contain. Waters containing a 


free mineral acid are particu 


larly harmful. 
Waters which contain 


cially sodium carbonate and sodium chloride, have a tendency 


large amounts of salts, esp 


to foam. Suspended matter of any kind increases the foan 


ing tendency. Waters low in mineral content but high in or 


ganie matter, though perfeetly clear, may also be troublesome 


Sodium salts, in most cases sodium sulphate, are augmented 


in the softening process. Some waters are so high in initia 


alkali salts that they will not 


stand a further addition fron 


the soda ash used as softener without producing serious foan 
ing. In such cases barium hydroxide can be used as a subst 
tute for soda ash, although it is expensive. All barium salts 


that are soluble are polsonous., 


Krom what has been said relative to the 


effect of larg 


amounts of alkali salts on waters, it is evident that one good 
result to be obtained from chemical control in water softening 
is the prevention of an overteed of soda ash, as any large ex 
cess of this chemical will produce a foaming water. The only 
methods of combating foaming waters appear to lie in fre 
quent blowing off and washing out the boilers, and along lines 


of improved boiler construction. 


THE IMPACT TUBE 


By SANFORD A. MOSS, LYNN, MASS. 


Member of the Society 


HE impact tube as a part of the pitot tube is well known 
as a means for measuring flow of fluids. When used as 
a separate instrument, however, it is much more valuable, and 


has not received the attention it deserves. This paper deals 


For presentation at the Annual Meeting of THe AMERICAN SOCIETY 
OF MECHANICAL ENGINEERS, New York, ember 5 to 8, 1916. The 
paper is here printed in abstract form, and advance copies of the com 


plete paper may be obtained gratis upon application. All papers are 
subject to revision. 


TUBE, SANFORD A 


MOsSs SHO 


vith application ot the impact tube to a unber of purposes 


ot generally known, particularly relating to compressible 


fluids. The paper is based on laboratory work of the Steam 


Turbine Department of the Lynn works of the General Elee 
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Fig. 3. Vevociry Heap SHown By DIFFERENCE BETWEEN 


Pipe Static anD Jet Impact PRESSURES 
LAW OF THE IMPACT TUBE 

The law of the relation between velocity and the differential 

pressure (difference between the readings of an impact open- 

ing and a true statie opening) is well known for incompressible 

fluids or where the compressibility effect is negligible, such as 
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This law is 
usually given in the form V = \/ (2 gh), where V is the veloe- 
ity in feet per second, and h is the height, in feet, of a column 


air and steam at comparatively low velocities. 


of the fluid in question having a pressure equal to the differ- 
ential pressure. 

The impact tube is not restricted to use where the above 
formula applies, however. Very high velocities with com- 
pressible fluids can be measured accurately if the complete 
law is used. This law is that the impact tube perfectly con- 
verts velocity into pressure. That is to say, the velocity of the 
fluid in front of the impact tube is exactly that which would 
be produced by theoretical adiabatic flow from a region where 
the absolute pressure is that shown by the impact tube, to a 
region where the absolute pressure is the static pressure. We 
may, therefore, use the theoretical thermodynamic formule 
for adiabatie flow through orifices, deduced with the assump- 
tion that the initial velocity in the pipe preceding the orifice is 
practically zero. This law holds for steam, air and all gases, 
as well as for liquids. 

The flow of a gas thus computed is somewhat different than 
if computed from V = \(2gh). This difference is negligible 
if the differential pressure is a small fraction of the absolute 
static pressure. The error is appreciable with air with a 
pressure of 1 lb. per sq. in. above atmosphere, with velocities 
of about 50 ft. per see., and becomes more and more serious 
as velocity increases. 

The law of the impact tube follows directly from the general 
law that impact pressure is constant at all points as we pro- 
ceed up the stream along an orifice fed by a very large pipe. 
It has been known for some time that this law holds for liquids. 
It may be extended to the case of high velocities and com- 
pressible fluids. Demonstration of this law is readily made 
with apparatus shown in Fig. 1. A stationary impact tube 
is clamped at a convenient point in the jet from a convergent 
orifice preceded by a large pipe. An impact tube, moved by 
hand, is arranged to be pushed up inside of the orifice. Dif- 
ferential pressure between the two tubes is shown by a water 
U-tube. It will be found that the differential pressure is zero. 
The law is certainly accurate to within about 14 of 1 per cent 
of the orifice impact pressure, and probably is absolutely accu 
rate. 


INITIAL VELOCITY HEAD 


The apparatus above mentioned shows, when the pipe pre 
ceeding the orifice is more than about three times the orifice 
diameter, that the jet issuing from the orifice into the atmos 
phere has a constant impact pressure, and hence a constant 
velocity, at all points over its area except very close to the 
edges. 

The velocity in a long straight pipe preceding an orifice is 
not constant but is proportional to the ordinates of an ellipse, 
being a maximum in the center and gradually decreasing 
toward the sides of the pipe. When this pipe velocity is not 
negligible compared with the spouting velocity, the experiment 
of Fig. 1 shows that the statie pressure in the pipe pre- 
ceding the orifice plus the average velocity head at this point 
is equal to the impact pressure in the jet issuing from the 
orifice. The sum of the initial static pressure and the average 
velocity head is given by an impact tube in the pipe pre- 
ceding the orifice placed at such a radius as to give the average 
velocity head. If the pipe preceding the orifice is quite large, 
the point where the velocity head has the average value is at 
about 0.7 of the radius. Hence, a water U-tube arranged as in 
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Fig. 2 reads zero. For the same reason, the water U-tube in 
the experiment of Fig. 3 reads the average velocity head in 
the pipe preceding the orifice. 


CON VERGENT-DIVERGENT ORIFICES AND VELOCITIES GREATER THAN 
VELOCITY OF SOUND 


For a compressible fluid where the final pressure is greater 
than about half the initial pressure, an orifice must be wholly 
convergent just as for incompressible fluids. In such cases, 
the velocity of the jet issuing from the orifice is less than the 
velocity of sound. The above impact-tube laws, as well as all 
of the work with impact tubes here discussed, apply only to 
such cases. With a gas, when the final pressure is less than 
about half the initial pressure, the orifice must be first con 
and then divergent. 


vergent The writer has not carefully 


investigated impact tubes under these conditions. There is 
an indication that they do not convert velocity into pressure 
with 100 per cent efliciency. It can be said, however, that 
with a final pressure less than half the initial pressure, and 
with a wholly convergent nozzle (a shape which does not give 
full theoretical velocity ), the Impact pressure 1n the jet close 
to the end of the orifice is equal to the initial pressure. In 
this case, it is known that the static pressure of the jet is 
about 52 per cent of the initial pressure for air, and 58 per 
cent for steam, regardless of the pressure of the region into 


which the Jet discharges, and that the Jet velocity is the 


velocity of sound. The jet itself forms stream lines, creating 
an extension of the orifice, and representing a divergent pot 
tion where pressure decreases to the pressure of the surround- 
ing region and where velocity increases from velocity of sound 
to a somewhat greater value, which is less, however, than the 
value that may be obtained by using a 


properly shaped 


orifice. 


ADVANTAGES OF THE IMPACT TUBE OVER THE PITOT TUBI 


The writer believes there is no reason for using the common 
form ot pitot tube. This is a double-walled tube consisting ol 
an impact tube pointed upstream surrounded by a chamber 
with openings for determining the static pressure. It has been 
known for years that the impact portion of this tube gives 
reliable results, regardless of its shape. On the other hand, 
the statie holes give very indefinite results and the shape and 
sizes of all of the parts have influence on the statie readings. 
Measurements made by use of a plain impact tube in conjune- 
give results 
that are identical with those obtained by using an 
form of pitot tube. 


tion with a static hole in the pipe wall will 


accurate 


Parallel flow in a pipe is only possible when the static 
pressure is absolutely the same at all parts of a section per- 
dendicular to the stream. Therefore, if there is variation in 
the static pressure the stream angles will be such that even 
an accurate form of pitot tube will give erroneous results. 
The pitot tube, therefore, offers no advantage over the com- 
bination of an impact tube and a static hole in the pipe wall. 
On the other hand, it is much easier to make a reliable static 
hole in the pipe wall than it is to make a reliable static hole 
in the pitot tube. The usual trouble with pitot tube static 
openings is that they give too low a reading for static pressure. 
This increases the small difference reading between impact and 
static sides and indicates a quantity larger than actually 
exists. 
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DEDUCTION OF THE IMPACT TUBE LAW FOR GASES 


A gas in a closed envelope consists of a number of molecules 
darting hither and thither at high velocities, and a gas flowing 
in a pipe consists of molecules with velocities such that the 
average velocity downstream has a definite value, the velocities 
across the stream cancelling so that the average is zero. Hence, 
if gas is flowing from a large vessel through a properly shaped 
orifice into a region of lower pressure, the molecules in the jet 
issuing from the orifice are really in the same condition as 
those in the vessel, except that there is a general net velocity 
which we eall the velocity oft the jet. The net velocity Is al 
onee destroyed, however, if anything is inserted in the jet, so 


that the molecules immediately in front of the impact tube in 


a discharge jet are in exactly the same condition as those 


the large vessel from which the gas issues. Hence, the impact 


Fic. 4 Fic. 5 


Fic. 4 Sincie Sratic Hove 1x Pree WALL 
Fic. 5 Ringe or Static Houes In Pipe WALI 


Fic. 6 Fic. 7 
Kic. 6 Static Pressure Boat 


Fig. 7 Static PRESSURE BY SIDE GaGa 


tube in the jet must measure the same pressure as would a 


static hole in the pipe wall of the large vessel. 


MPACT TEMPERATURI 


A similar situation occurs if a thermometer is placed in a 
high-velocity jet in an attempt to measure its temperature. 
The molecules surrounding the thermometer are immediately 
restored to the same condition as those in the large vessel 
from which they originally proceeded. Hence, as can be 
demonstrated by experiment, a thermometer inserted in a 
high-velocity jet issuing from an orifice will give nearly the 
same reading as a thermometer in the large vessel from which 
the jet discharged. 

A gas discharged from an orifice, from the ordinary point 
of view, has a very low temperature, resulting from adiabatic 
expansion. Actually, however, this temperature is only rela- 
tive to a thermometer moving with the velocity of the jet. The 
individual molecules have the same average kinetic energy 
and hence the same temperature as they originally had. 

Temperature measurements have been made and published 


which show temperatures in a high-velocity Jet of air much 


above the theoretical adiabatic temperature of the jet. It was 
alleged that these experiments showed that the velocity of 


such a jet was not really the theoretical velocity due to adia 


batic expansion, and that it was not possible to expand a gas 


in a nozzle so as to obtain such a velocity. 


s incorrect, however, and with a properly 


iozzle, nearly the full theoretical velocity 


This econ lusion 
shaped orifice or 


due to adiabatic 


expansion can be attained with air or any gas, Just as with 
steam in a steam turbine. If the energy is extracted from 
the jet by a turbine wheel or the like, the exhaust will show 


; 


ow temperature, If, however, no energy 1s extracted but if 
" 


the thermometer is inserted directly in the high-velocity jet, 


nearly initial temperature will be shown. 


Fic. 8 Impact Tuspe AND HOLE IN Pree WALL FOR MEASURING 
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Fig. 9 CurRvE oF Pipe FLow Test py Impact Tuse TRAVERS! 
rhe mean ordinate of a smooth curve through the points, as found 

a planimeter, gives the square root of the impact pressure differen 

Db, which is to be inserted in t} formulae 


In the Bradley and Hale experiments on temperature of air 
after great expansion, thermometers directly in the high- 
velocity jet showed a lower temperature than those a little 
further away where the velocity had been destroyed. This 
is probably due to the fact that the orifice which was demanded 
by the pressure ratios involved should have been first converg 
ing and then diverging. 


IMPACT TUBE ARRANGEMENT 


The exact shape of the impact tube is not important. It is 
only necessary that there be a pipe or tube facing squarely 


* Physical Review, 1909, v. 29, p. 258 
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upstream in a jet undisturbed except by the impact-tube end. 
The impact-tube end, therefore, should have a straight portion 
parallel to the jet about 10 times the length of the impact- 
The 


open end of the tube should be slightly rounded on both inner 


tube opening, before the tube bends away from the jet. 


and outer edges and should be smooth. For ordinary work, 


the tube is 14 in. to 1 in, in diameter. For work with small 


pipes, and for special exploration work, the tube may be of 


any size. The writer has obtained satisfactory results with 


tubes as small as in. outside diameter. 


The impact tube must face squarely downstream. There is 
no necessity for exact measurement in this connection, how- 
ever, and estimation by eye is accurate enough. 


STATIC HOLES IN A PIPE WALL 


Figs. 4, 5, 6 and 7 show different methods of obtaining 


statie pressure. Fig. 4 shows how actual pressure is obtained 


by means of a hole in the pipe wall. The inner surface of the 





Fic. 10 Impact Tuspe Givinc ToraL PRESSURE RISE WITH 


ATMOSPHERIC INLET PRESSURE 


Fig. 11 Impact Tuses Givinc ToraL PRESSURE DIFFERENCE 


BETWEEN INLET AND DISCHARGE PIPES 


pipe adjacent to the hole must be smooth. The hole must be 
at right angles to the surface and there must be no burrs. 
The inner corners should be rounded with a radius 1/10 to 
1/50 of the diameter of the hole. 


static holes. 


Fig. 6 shows a number of 
This form is in very common use and it is sup- 
It is 
questionable whether any advantage is obtained, however. 
from the multiplication of holes. 


posed that any variation in static pressure is averaged. 


For any of these types, the pressure holes must be of good 
size. They should be at least 14 in. in diameter and preferably 
Vy to 1 in. to avoid a drop of pressure which might oceur with 
a small hole and a minute leak. One of the disadvantages of 
the common form of pitot tube is that the static holes are 
often so minute that the pipes to the pressure-measuring 
instrument must be extraordinarily tight to secure accuracy. 
On the other hand, if a large hole is used in the pipe wall or 
the equivalent, as in Figs. 4, 5, 6 and 7, and if the impact tube 
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is made of good size with the opening 14 to 1 in. diameter, a 
slight leak will not have very serious effect. 


PIGHTNESS OF PIPIN« 
It is desirable to use large pipes for connecting the static 


and impact tubes with the measuring instrument. 
1 1 


Standard 
1- or !x-in. piping should never be used for such purposes 
unless the connecting lines are very short. When the piping 
is of any great length, }-in. pipe or even 1-in. pipe should be 
used, because it is much easier to make the larger-size pips 
tight, and because even a small leak will not cause much of a 
pressure drop. It is to be noted that the differential pressure 
measured is usually quite small, so that even a slight error 
in either pressure will cause an appreciable error in the dit 
ferential. 

The paper here gives methods of test for tightness of piping 
applying to pitot and impact tubes, flow-meter work, venturi 
meter work, ete. 


IMPACT TUBE AND HOLE IN THE 


FLOW 


PIPE WA FOR MEASURING 


PIPE 


The apparatus is to be arranged as shown in Fig. 8. How 


ever, instead of the single statie hole as shown, other means 


| 
= } 
VS 


ig. 12 Apparatus TO SHOW CONTRACTION at END OF CON 


VERGENT PORTION OF AN ORIFIC! 


of securing static pressure can be used, as shown in Figs. 


5, 6 or 7. If methods of Figs. 6 or 7 are used, the impact tube 
must be placed at such a distance from the static tube that 
neither instrument will disturb the flow past the other. 

There are well-known 
gage which may be used. 


numerous the differential 


forms ot 

If any of the tests give flows large enough to show a dif 
ferential pressure of 1 in. or more of water vertical, it is 
desirable to connect up a vertical water U-tube in parallel 
with the differential gage. 

The impact tube should be pushed clear across the pipe, 
readings being taken at both sides with the tube in contact 
with the pipe wall, and at a number of points between. One 
method is to space the positions at distances proportional to 
the square of the radius. Then the arithmetic mean gives a 
number properly weighted for the various areas involved. 

The writer has found it satisfactory to measure the actual 


radius with each setting, spacing settings somewhat more 
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closely at the edges than at the center. The various readings 
are then plotted as shown in Fig. 9, readings on both sides 
of the eenter beimeg plotted together. The square ol the rad 


s plotted against the square root of the differential pressure 


The mean ordinate of such a curve gives the mean square ro« 
of the differential, properly averaged for use in the formula 
riven in the paper The static pressure is also to be measure: 
independently The computation or s shelit S pler 
. lake Lite ripact pressure, 
PA OR MEASURIN¢ PE PRESSUI 


When a thuid. either liquid or gas, is flow: in a pipe, it 
res ently aesirable, ol vreneral purposes, To ime the pryippae 
pressure rather than the static pressure An example of t] 


is pressure l ah pipe preceding a venturi meter or other tor 


of orifice in a pipe line. The ordinary formule involv 
pressure as well as the pressure at the throat or oribes rel 
ana nelude a ery tre iblesome corrective term tor the itial 
‘ tv at the yn t where the initial statie pressure 
neasured., It owever, this tial pressure 1s measured bh 
—T ? i! i met rye tiv ‘ weit end at this point 
iif ; it 
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I l () DiscurAl N NTO AN Enc LOSED Rect 
The static pressure of region into which jet discharges must lb« 
i number of places, such as A, B and C, and seen t e ¢ 
ne sam 
If the orifice is supplied from the atmosphere, the impact pressut ) 


will be zero 


matically added to the statie pressure and a net pressure 
obtained, equal to the pressure which would have been ob 
tained if the pipe preceding the orifice had been large enoug! 
to render the velocity head in it negligible. The formula for 
+] 


is ¢ase (given in paper) are very much simpler than those 
isually given, in whieh the initial velocity has to be taken into 
account. Of course, if there is any foreign matter in the 
stream, it is likely to clog the impact tube, in which case this 
arrangement can not be used. In such a ease, initial pressure 
must be measured by means of a hole in the pipe wall, and the 
ordinary formule which take account of initial velocity must 
be used. 

Another case in which it is convenient to measure the im 
pact pressure is in finding the total pressure rise produced 
by a centrifugal pump or centrifugal compressor. If the dis 
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ge pipe of such a machine is very large, the velocity head 
t is neghgible, and the pressure produced is thi 
ressure. It, however, the pipe is small enough to e a 
rreclable elocity head, aS 1s ¢ tiv ise wilt i D 
cent 1 « pressors producing a pressure of 2 
sé e ene! tual nut into the air DV the ma ( 
miplete ! { impact pressure. It is really correct 
compute the « encyv of the machine on the basis 
sure ! ement 1s A n Fig. 10 \ ! ! 
ivemel " ye sed } e case ¢ centriluga prUTLy 
tive l let i lL «lise roe pipes ire Hot Tie sal ‘ 
prea Lin ‘ me « erenes is s ‘ ol j 
vever, the inlet pipe irger than the discharge pipe. as 
ote! the cast lnipac ibes yotl pipes a oma lly 
ce Aero 1 ‘ ere ‘ ‘ ] ‘ ~ el 
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Fic. 15 Orreice ¢ \TION BY 1 RSE O} 
\ | 
ence in the pipe pressures as sho DV the impact tubes, pl is 


’ 


e head equal to the vertical height differences, gives the total 


work done by the pump. The arrangement is shown in Fig. 


ll. These remarks do not apply to the case ot pulsatu ” flow, 


as with a reciprocating machine 


In all cases, the impaet-tube center should be about 0.3 of 
the pipe radius from the pipe wall. 
As an additional advantage in the use of the impact pressure 


rather than the static pressure, it should be noted that the 


pressure is obtained more accurately. The tapping of a 
pressure hole in the pipe wall is very uncertain and it is often 
easier, particularly in the ease of field tests, to insert ar 
impact tube which is certain to give correct pressure, than it 


is to take the necessary precautions to make sure that a hole 


in the pipe wall is free from burrs and projections 
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SHAPE OF ORIFICES FOR MEASURING FLOW OF FLUIDS 


The “ orifice ” this 


Such an orifice is used 


frequently discussed in article is a 
smoothly formed, convergent passage. 
at the entrance of a venturi meter, or for measurement of fluid 
discharged into the atmosphere, as discussed later. The exact 
shape by means of which the convergent portion is secured 
is not very important. The writer prefers the general shape 
shown in Fig. 18, formed by cireular ares. A cone with 
straight sides, however, is probably equally satisfactory, if the 
angle is gentle and if there is a smooth cireular are connecting 
with a straight portion at the end of the orifice. 

It is highly essential that there be a parallel portion at the 
end of the convergent portion, of sufficient length properly to 
size the jet. At the end of the convergent portion there may 
be a contraction of the jet, due to the fact that the orifice 1s 
not shaped to avoid contraction. such an 
effect can never be known except by an actual experiment, as 
indicated in Fig. 12. 
shape of Fig. 18, or a venturi meter with the shape of Fig. 
14, the parallel portion insures that the jet whose measure 


The existence of 


If. however, we have an orifice of the 


ment is sought has the exact diameter of this parallel portion. 
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TRAVERSE 


The length of such a parallel portion should be from half 
diameter to diameter of the parallel portion. 
might introduce appreciable friction drop. 

A minor point, of practical importance, is the chamfering 
of the outer end of an orifice. 


Greater length 


This prevents the edge from 
being burred or dented during handling and so preserves the 
diameter of the parallel portion everywhere. The parallel 
portion must, of course, be carefully machined so as to be 
exactly parallel and round. 


VENTURI METER WITH IMPACT TUBE 


The general arrangement is shown in Fig. 14. The use of 
such an impact tube avoids the computation work necessary 
to take account of the initial velocity head and the necessity 


for care in drilling a static hole. 
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Fig. 14 also shows some additional readings which the 
writer has found convenient in the case of venturi meters used 
for experimental testing. The readings will check as follows, 
if all pipes are tight and the apparatus properly set up. (See 
Fig: 14.) 

If B and C are above atmosphere, the difference between B 

and AC will equal the difference between C and BA. 

If B is below atmosphere and C above, the sum of B and AC 

will equal the difference between C and BA. 

If B and C are below atmosphere, the sum of Band AC will 


equal the sum of C and BA. 


PRESSURE OF A JET DISCHARGING FROM AN 


ATMOSPHER} 


ORIFICE INTO 


THE 


The only ease discussed in this paper is that in which the 
final pressure is greater than about half the initial pressure, so 


mann” 


/ 
, {\S 


Fic. 17 MeaSuREMENT OF QUANTITY OF FLOW BY MEANS OF 


ORIFICE AND Impact TUBE 


that the theoretical orifice is wholly convergent. In such a 
case, the static pressure of the jet discharged from an orifice 
is exactly equal to the pressure of the region into which it 
discharges. This law applies primarily to the discharge of an 
orifice into the atmosphere. However, it also applies to dis- 
charge of an orifice into an enclosed region, such as is shown 
in Fig. 14, provided there is ample room all around the orifice 
for a free discharge of jet and no restrictions such as would 
be likely to cause a venturi-meter effect. The static pressure 
of the region into which a jet discharges must be measured in 
a number of places, such as A, B and C, Fig. 13, and seen to 
be exactly the same. If the orifice is supplied directly from 


the atmosphere, the impact pressure, D, will be zero. The ac- 


curacy of the above law is really the basis of all the impact- 
tube work here discussed. So far as known, the law has never 
received any valid criticism. 
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If the orifice has a parallel portion of appreciable length 
at the end, the streams of the jet, as they discharge into the 
atmosphere, necessarily proceed in straight lines. This can 
also be seen by watching the jet discharging from a water or 
wet-steam orifice of the proper shape, or by feeling the surface 
of an air jet. The jet preserves a solid parallel column for 
quite a distance. If, now, a stream at the edge of the jet and 
a stream in the interior of the jet are proceeding in parallel 
directions, there can be no possibility of pressure difference 
between them. If there were any pressure difference, the 
flow would be in curved lines. <A stream at the edge of the jet, 
proceeding in a straight line, is obviously at the pressure of 
the region. Hence, the same pressure exists throughout the 
cross-section of the jet. 

The paper here describes an interesting experiment 


additional verification of the above point. 


Kage . ; 
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Fic. 18 DIMENSIONS OF 


ORIFICE CALIBRATION BY MEANS OF IMPACT TUBES 


Many calibrations of orifices discharging high-velocity jets 
of air have been made by the writer with the apparatus of 
Fig. 15. This consists of a stationary impact tube placed in 
the center of the jet, slightly beyond the plane of the orifice 
end, and a very small movable impact tube which ean make 
a traverse across the edge of the jet covering a space of 14 
to 42 in. The differential pressure between the two tubes is 
read by means of a vertical water U-tube, or some more deli- 
cate instrument, as circumstances warrant. The impact pres- 
sure is constant everywhere in the jet, except for a narrow 
ring around the edge which is traversed by the small impact 
tube. An impact tube about 1/32 in. outside diameter has 
been used with a 4-in. orifice, traversing a space of about 14 
in., and proportionally with larger orifices. The results are 
plotted in Fig. 16. The ratio of the area of the small corner C 
to the area AB, of the large rectangle, gives the velocity loss. 
By subtracting this from unity, the velocity coefficient of 
the orifice is obtained. Many such tests indicate a velocity 
coefficient of about 0.99. These experiments have been ac- 
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curate to within 4% of a per cent, so that the coefficient may 
he somewhere between 0.985 and 0.995. It seems probable 
that the larger the orifice the greater the coefficient. 

It should be noted that this method gives an accurate cali- 
bration of any orifice without measurement of flow by means 
of tanks, weirs, gas holders, ete. 

Calibration with water orifices and the same general system 
were mace by John R. Freeman, Mem.Am.Soe.M.E.., and are 
described in the Transactions of the American Society of 


Civil Engineers. 


EXPLORATION OF IRREGULAR JETS 


The same general methods have been used by the writer 
to find velocities of various types of jets, such as those from 


the nozzles and stationary buckets of steam turbines. 
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Some MEASURING ORIFICES 


MEASUREMENT OF DISCHARGE OF HIGH-PRESSURE AIR BY MEANS 
OF AN ORIFICE AND IMPACT TUBE 


The general arrangement is shown in Fig. 17. The dis- 
charge pipe of the machine which is being measured is con 
nected up with a considerable length of straight pipe to the 
orifice. It is usually desirable to have a throttle valve in the 
pipe so that various amounts of flow giving various loads on 
the machine can be measured by means of a single orifice. 
It is necessary that there be at least 10 diameters of straight 
pipe between the throttle valve and the orifice. If it is desired 
to measure the discharge pressure produced by the machine, 
it is necessary, in addition, to have about 10 diameters of 
straight pipe between the machine itself and the throttle valve. 
An impact tube inserted in this pipe gives the net pressure 
rise which the machine under test produces, while the impact 
tube on the orifice gives the volume or quantity passing 
through. The orifice should be selected by the use of formule 
given in the paper. 


1 No. 426, v. 21, Nov., 1889; No. 479, v. 24, June, 1891: and v. 13, 
p. 382. 
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The impact tube is to be stationary and in the center of the 


jet, shiightly outside the plane of the orifice end. The tube 
s in plain view throughout the test so that it can always be 
seen to be properly in line and free from obstructions. This 


s one of the advantages of this method. 
lhe general method here described has been used on centrif- 


pumps and fire streams. It is just as convenient with 


ig velocity ets of air or other gases, 
lhe flow is to be computed by formule given in the paper. 


The 


diameter al 


parallel portion at the end of the orifice should have a 


pipe 


smaller 


third ol 
lhe 


diameter without 


least one the diameter of the straight 


preceding the orihee. orifice, of course, mav be 


than one-third prayer any effect. It is prob 
able that the coetlicient does not differ greatly from 0.99, ever 


if the orifice is but one-half of pipe diameter. In all such cases, 
the effect of the varying velocity at different radii in the pipe 
transmitted 


is not through the orifice, and the diseharge jet 
as the same velocity at all points, except at a 
For the 


eater than about one-half pipe diameter, it is probable that 


narrow bal d 


close to the edge. where orifice diameter is 


Cases 


the variation of pipe velocity has some effeet on the discharge 


The impact tube, as here discussed, can only be used with 


continuous flow, such as is 


given by centrifugal machinery. 
Pulsating flow, such as is elven by reciprocating machi ery, 
can not be integrated by the impact tube. 

In order to compute the quantity or flow, it is also necessary 
to know the temperature in the pipe preceding the jet. ‘lhis 
the 


However, 


must be secured by insertion of a thermometer through 


the pipe wall. as already pointed out, a practically 


identical reading will be given by a thermometer inserted ir 
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the jet outside the orifice. In all cases, for aceurate work, 
the bare bulb of the thermometer should be in the jet, and 


wells or metal casings should be avoided. 


The above methods have been used tor measurement ol 
many million eubie feet of air discharged by various types and 
sizes of fan blowers and centrifugal air compressors in the 


Lynn Works of the General Eleetrie Co., sinee 1904. Kig., 18 


shows some of the oritices whieh have been used. 


ADVANTAGES OF TILE ORIFICE METHOD 

If a machine whose flow is to be measured can be arranged 
so that its discharge can be wasted, the use of an orifice 1 
the discharge pipe is the only method of tlow measurement 
which should be considered. The reason 1s that nearly the 
entire pressure rise produced by the machine ean be ‘utilized 

causing discharge through the orifice. This gives a reading 
of such magnitude that accurate observations can be made. 
For instance, if the machine being tested gives an air pressure 
of 15 Ib per st In... the read from which the flow is con 
puted will be about 30 in. of mereury. If the machine gives 


an air pressure ol about 1 Ib. per sq. 1n., the reading will be 


27 in, of water. Such magnitudes are easily measured and 
do not require the use of inclined gages, hook gages, or other 
means of getting small differentials. 

The use of the impact tube gives the advantages of sin 


plicity of formula in connection with initial velocity head, and 


ease ol proper arrangement, over the use ot a hole in 


statie 


the pipe wall preceding the 


ol ifice 
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HE Valuation Session of the Annual Meeting will be devoted to a discussion of engineers’ ideas of 

principles and methods in the valuation of industrial properties. The Committee on Meetings hopes 

that the information brought out will form a valuable supplement to the large amount of material already 
available on the subject of economic theories of values and their application to public utilities. 


PRODUCTIVE CAPACITY A MEASURE OF 
VALUE OF AN INDUSTRIAL PROPERTY 


By H. L. 


1 GANTT, NEW YORK, N. Y. 


Member of the Society 


no eee E months ago a professor of political economy in one 
of our most conservative universities admitted to me that 
the economists had been obliged to modify many of their views 
since the outbreak of the European war. My comment was, 
that the professors of political economy were not the only 
people who had heen obliged to modify their economic and 
industrial views. 
The war has taught everybody something. Military meth 


ods have undergone radical changes, but industrial 


methods 
are undergoing changes which promise to be even more radical 
than the military developments have been. 

If there is any one thing which has been made clear by the 


war it is that the most important asset which either a man or 


For presentation at the Annual Meeting of THE AMERICAN SOCIETY 
OF MECHANICAL ENGINEERS, New York, December 5 to 8, 1916 
Advance copies of the complete paper may be obtained gratis upon 
application, All papers are subject to revision. 


lation can have is the ABILITY TO DO THINGS. Our industrial 
and economical developments have in the past been largely 
based on the theory that the most important quality a man 
can possess 1s his ability to buy thinas: but the war has dis 
tinetly shown that this quality is secondary to the ability to do 


The 


reaching effect, for it makes clear that the real assets of a na 


things. recognition of this fact is having a most far 
tion are properly equipped industries and men trained to 
operate them efliciently. The money which has been spent on 
an industrial property, whether it has been spent wisely or 
unwisely, and the amount of money needed to reproduce it are 
both secondary in importance to the ability of that plant to 
accomplish the object for which it was constructed, and hence 
cannot be given the first place in determining the value of the 
property. 

Inasmuch as every industrial plant is built to produce some 
article of commerce at a cost which will enable it to compete 
with other producers, the value of a plant as a producing unit 
must depend upon its ability to accomplish the object for 
which it was created, 


To determine the value of an industrial property, therefore, 


we must be able to know with accuracy the cost at which it 
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ean produce its product, and the amount it can produce. To 
compare two factories on this basis, their cost systems must 
be alike; for, if there is a lack of agreement as to methods of 
cost accounting, there will necessarily be a lack of agreement 
as to the estimated value of the properties. There are many 
methods of cost accounting; but there are only two leading 


theories as to what cost consists of. They are: 


First, that the cost of an article must include all of the ex 
pense incurred in producing it, whether such expense 
actually contributed to the desired end or not. 

Second, that the cost of an article should include only those 
expenses actually needed for its production, and any 
other expenses incurred by the producers for any reason 


whatever must be charged to some other account. 


The first theory would charge the expense of maintaining in 
idleness that portion of a plant which was not in use to the 
cost of the product made in that portion of the plant which 
was in operation; while the second theory would demand that 
such expense be a deduction from profits. When plants are 
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posed of, and the money received, and the space oceupied, put 
to some useful purpose. 

A little consideration of the method of getting the data on 
this chart will make its value more apparent. It is a logical 
outgrowth of the paper I read at the 3uffalo meeting on The 
Relation Between Production and Costs,’ and is based on the 
fact that simple ownership of a machine costs money, inas 
much as it takes away from available assets. for instance, if 
we buy a machine for $1000 we lose the interest on that $1000, 
say at s° per cent per year, then we have taxes on that machine 
at 2 per cent and insurance of 1 per cent. Further, the ma 
chine probably depreciates at a rate of 20 per cent per year, 
and we must pay $50 or more per year for the rent of the 
space it occupies. All these expenses, together $330, go on 
whether we use the machine or not. Thus, the simple fact of 
our having bought this machine and kept it takes from our 
available assets approximately one dollar per day. 

If now the cause for idleness is ascertained each day we can 
find the expense of each cause of idleness as shown on the 


chart. That part which is due to lack of orders points out 
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Fic. 1 IpLeness EXPENSE CHART 


operated at their full capacity, both theories give the same 
cost. When, however, they are operated at less than their full 
capacity, the expense of carrying the idle machinery is, under 
the first theory, included in the cost of the product, making 
the eost greater; while under the second theory, this expense 
of idle machinery is carried in a separate account and de- 
dueted from the profits, leaving the cost constant. It is most 
interesting to note that, when costs are figured on the second 
basis, great activity immediately ensues to determine why ma- 
chinery is idle, and to see what can be done to put it in opera- 
tion. It is realized at once that this machinery had better be 
operated, even if no profits are obtained from its operation 
and only the expense, or even part of the expense, of main- 
taining that machinery is earned. 

Fig. 1 illustrates this subject most clearly, and is an indica- 
tion of the efficiency of the management as contrasted with 
that of the workmen, about which we hear so much. It is in- 
teresting to note that charts of this nature, which are being 
made monthly in several large plants, have already had a very 
educational influence on the managers of those plants. They 
show that idle machinery which cannot be used should be dis- 


that our selling policy is wrong, or that the plant 1s larger 
than it should be—in other words, that somebody in building 
the plant has overestimated the demand. It is clear, however, 
that no econelusion should be based on the figures for one 
month, but on the results for a series of months during which 
the problem has been carefully studied. If a mistake has been 
made in building too large a plant, an effort should be made 
to determine the proper disposal, or utilization, of the excess 
in order that the expense of idleness may be taken care of, 
even if no profit can be made. 

The next column shows the expense due to a lack of help, 
which means that we must investigate the labor policy. 

The next column, showing the expense due to lack of, or 
poor, material, is an indication of the efficiency of the pur 
chasing policy and storekeeping system. The next column 
reflects the repair and maintenance department. 

If in any ease the expense of idleness is greater than can be 
attributed to all of these causes together, it must go in the 
last column as poor planning. 


*Trans. Am.Soc.M.E. vol. 37, p. 109. 
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We can hardly claim that sueh a chart gives us a measure of 
the efliciency with which the above functions are performed, 
but it certainly does give us an indication of that efficiency. 

In several eases, the first of such charts gotten out resulted 
in the serapping of machinery which had been idle for years. 
The space thus saved was used for a purpose for which the 
superintendent had felt he needed a new building. 

In another case it resulted in the renting of temporarily idle 
machinery at a rate which went far toward covering the ex- 
pense of carrying that machinery. 

Under the first system of cost accounting the facts brought 
out by this method are not available, and the inereased cost 
that a reduced output must bear is a great source of contu- 
sion to the salesman. The newer system, with its constant 
cost, shows that non-producing machinery is a handicap to 
the industry of a company, just as workmen who do not serve 
some useful purpose in a plant, or industry, are a handicap 
to that plant or industry. there- 


/ 


Similarly, plants or pe ople, 
ore, who do not serve some useful purpose to a community 
are a@ handicap to that community, for idle plants represent 
idle capital, and idle people are not producers, but consumers 
only. The warring nations have recognized these facts, and 
put both idle plants and idle people to work wherever possible. 

The statements so far made concern principally the opera- 
tion of industrial plants and the production of articles of com- 
merce; but they are none the less true concerning the construe- 
tion of industrial plants. 

We may ask the same question about construction that we 
ask about operation; for instance, should the cost of a rail- 
road include all the money spent by the people engaged in 
building it, or should it include only such money as contrib- 
As an illustration, is the 
cost of a piece of road which was built and then abandoned 


uted to the building of the road? 


for a superior route a part of the cost of the railroad built, 
or is it an expense due to improper judgment on the part of 
the builders? 

[I am not discussing the question as to whether the public 
should be called upon to pay interest on the money uselessly 
spent through improper judgment, but I do think that m 
all construction it should be possible to separate those ex- 
penses which contributed to the desired result from those which 
did not so contribute. A comparison of these amounts will 
give a measure of the efficiency of the builders. On 
knowledge proper action ean ultimately be taken. 


this 


Still another factor enters into the value of a “ going plant.” 
We all have known cases where the same plant operated under 
one manager was a failure, and under another a very decided 
success. The value of a going plant, therefore, consists of two 
elements, namely, the value of the physical real estate and 
equipment, and the value of the organization operating it. In 
considering the value of an organization we should realize 
that it lies not so much in the personality of the managers or 
leaders (who may die or go elsewhere) as in the permanent 
results of their training and methods, which should go on with 
the business, and are therefore an asset and not an accident. 

We have the authority of no less a person than Andrew 
Carnegie, Hon.Mem.Am.Soe.M.E., for the statement that his 
organizations were of more value to him than his plants. Be- 
fore we can determine exactly the value of a going plant, 
therefore, we must find some means of measuring the value of 
the organization which operates it, for this is an integral fac- 
tor in the valuation of an industrial property, which is just as 
real as the more tangible brick and mortar of which build- 
ings are composed. 

Our charts showing the expense of idleness give us at least a 
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rough indieation of this value, for they show the expense of 
ineflicient management. 

If the above premises are correct, the following factors are 
important elements in determining the value of an industrial 
property: 

The cost of the product 

The capacity of the plant 

The portion of the plant operated, and 

The expense of maintenance of the idle portion. 


ACCURATE APPRAISALS 


METHODS 


BY SHORT 


By JOHN G. MORSE,’ BOSTON, MASS. 


Non-Member 


S the Factory Mutual Companies developed their methods 
A of making plans and inspections and their tests of fire 
preventing applances, to the complete forms in use today, so 
also did they develop the making of insurance appraisals. At 
present these consist of inventories in as much detail as neces 
sary to determine aceurate values, while a system has beer 
adopted for obtaining a reasonable estimate of all the minor 
going into elaborate detail. 


items without These appraisals 


are made without cost to the assured and have been appre 


ciated to such an extent that they are constantly used as a 
basis for bookkeeping and cost systems, for mergers and other 
business uses. 

In explaining this method by which a large manufacturing 
plant can be accurately appraised in a short time and with a 
comparatively small amount of work, | shall endeavor to show 
how useless it is to waste time on more laborious detail. No 


appraisal can be made without ineorporating many figures 


that are based simply on estimate. It is, therefore, needless to 
carry the detail in any direction where it will not add to the 
accuracy of the final result. 

Disregarding new factories, where records of actual cost are 
easily available, let us consider an older plant and particularly 
A building 
may be measured so carefully that the exact amount of each 
material is known. 


one where no records of cost have been preserved. 


The market price of each material may 
be obtained. Yet the amount of waste must be estimated and 
the amount for labor and all contingent expenses must be esti 
mated. 

The inventory of machinery may be made to the last trifling 
detail, yet the exact value can be obtained only for standard 


machines. Every special machine, as well as the cost for erect 


ing every machine, must be estimated. 


Constant changes in 
market values always affect the accuracy of the result, but, 
aside from that, the amount of depreciation on both buildings 
and machinery must be estimated (or largely guessed at) be 
fore the actual present value is found. 


A METHOD OF APPROXIMATION 


The method developed by the appraisal department of the 
Factory Mutual Companies is based entirely on the theory 
that if the larger factories are carefully appraised, the less 
important items may be estimated in groups. 


1Appraiser, Insp. Dept., Assoc. Factory Mutual Fire Ins. Cos. 
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The property to be appraised is divided into two parts 
buildings and machinery. The buildings are considered as 
empty structures, and anything that can be removed without 
altering the building is classed under machinery. In insurance 
appraisals, foundations and other underground work are ig 
nored, but the method would be practically the same were they 
included. Machinery is divided into machines proper, shaft 
ing, belting, piping, eleetrie wiring and furniture and miscel 
laneous apparatus. Special small tools, dies, patterns, draw 
ings, molds, lasts and any objects of similar nature that exist 
in large quantities in the plant under consideration, are treated 
independently. The subject “ miscellaneous apparatus ” coy 
ers all objects of minor value not easily classified under any of 
the other heads. 

The price values used for buildings and all the subdivisions 
of machinery are based on replacing new at today’s market 
(regardless of original cost), and these price values are thet 


depreciated as judgment dictates. 


BUILDINGS 


In appraising we use the square foot of floor area as a basis. 
Many architects and engineers use a factor based on the eubi 
foot of contents, but it is floor area that gives manufacturi 
facility, and the figures thus obtained are also useful in other 
parts of the appraisal, as will be shown later. As a ground 
work we use the tables prepared by Charles T. Main. Men 
Am.Soc.M.E. These must, of course, be changed for different 
heights of stud, degrees of finish, thickness of walls, ete., and 
also for constant fluctuations in the market value of labor 
and materials. As new factors are obtained for reinforced 
concrete and other modern forms of construction, the tables 
form a guide for consistency as lengths and widths vary. 

It is in appraising buildings that the uselessness of extended 
detail is strikingly apparent. Suppose two identical build 
ings are constructed, one by the highest bidder and one by 
the lowest. They may be more than ten thousand dollars 
apart. Is the actual cost of either a fair appraisal figure? 
An estimate based on the square foot of floor area that showed 
a figure halfway between the extremes would give a mucl 
more reasonable value. Indeed, Mr. Main states that several 
contractors have told him that they use his tables as a check 
before submitting bids. 

The actual cost of foundations is far more unsafe to us 
for appraisal purposes. A building resting on extremely ex 
pensive foundations in quicksand is worth no more than a 
duplicate building resting on a ledge. A fair estimate for the 
cost of suflicient foundations in average ground would be a 
better figure to use for either when appraising an industrial 
property. With appraisals of publie service corporations con 
ditions are different, but that comparison is not to be discussed 
here, 


MACHINES 


It is our custom to make a complete inventory of all fixed 
machines, not only producing machines but those used for 
power and for maintenance. This inventory also includes all 
elevators and cranes. There is no hard and fast rule, but the 
practice is to list everything (exclusive of furniture, small 
tools, ete.) that has enough value to be worth considering sep- 
arately. In making this inventory, the shortest description 
that will identify a machine is used. As an example, for a 


cotton spinning frame, “one ring frame 256 sp. 3” met. bds. 


sep.” means a ring frame with 256 spindles 3-in. gage, with 


metallie thread boards and separators. “ One engine lathe 14 


6 comp. taper” means an engine lathe with 14 swing, 
6-ft. bed over all, serew eutting, without special gearing, with 
compound rest and taper attachment. Other special features 
that materially affect the cost are, of course, noted In each 
case the above brief notes are all that are necessary to deter- 
nine the value of the machine question. By adhering to 


this method the fixed machines in a large factory can be in- 


entoried in a much shorter time the 


f 


eent by one not acd iainted with the work. 

Having completed the inventory, it 18 a simple matter to 
ippraise standard machines either directly from price lists 
or from data compiled from individual quotations and actual 
costs obtained when making other appraisals. Of course, all 


such prices are given in confidence and are used without the 


source of the information being divulged. In the same way 
machines built on order or by the owner can be appraised as 
data on similar machines accumulate \llowance is made it 
ill eases for the eost of freight. cartage and labor of erection. 
lt should be understood that no prices are fixed arbitrarily by 
the appraiser. On the contrary, the figures are discussed wit! 
he owner or manager and as much assistanes is ossible ob 


tained from their reeords. 


L\PPROXIMATION ON MINOI EMS 


The appraisal of buildings and machines forms the most 
important part ot the work, both in time consumed and iw 


consistent to de 


results obiained. It would, therefore, be 
ote a greater amount of effort to the smaller part of the 
value. It is here that accurate “* short cut ” methods have been 


developed in the appraisal department of the Factory Mutuals. 


Shaftina. By figuring in detail representative lines ot 
shafting, with couplings, hangers and pulleys included, va 
rious factors per lineal toot erected have been obtained. Ex 


perience soon teaches whieh faetor to apply when examining 
lines of shafting in actual use. Opportunities are repeatedly 
presenting themselves to compare the results obtained witl 
those of a detailed appraisal, and the accuracy of the appronr 
mate method is confirmed. 

Belting. The most satisfactory method by which belti 
may be rapidly inventoried is to measure the main belts by 
eve, The machine belts can then be classified in 2roups, as 
similar machines will require about the same amount of belt 
ing. Individual motor drives are lessening the amount of 
belting in a modern factory, and where the machines are scat 
tered and the belts vary greatly, it is usually easier to list them 
by using eye measurement than to attempt to apply any 
shorter method. 

Piping. A detailed inventory of piping and pipe fittings 
would require an amount of time out of all proportion to that 
devoted to the remainder of the work. To obtain a “ short 
cut” method has not been easy, due to the great variety in 
the material to be considered, much of which is hidden. The 
different uses to which the piping is put enable the appraiser 
to divide the subject into classes and these classes can be 
treated by different methods. 

Automatic sprinkler piping can be appraised at a price per 
sprinkler head or, by what amounts to the same thing, by a 
price per square foot of sprinkled floor area. This applies to 
the piping inside the buildings only. 

Steam heating, where consistent throughout the plant, can 
also be appraised on a floor area basis. Where the amount 
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of steam heat varies a price per lineal foot of coil or per ra- 
diator can be easily ascertained. The heating pipe in dry 
rooms, lumber dry kilns, paper dry lofts, ete., can be treated 
similarly. 

Gas lighting can be appraised at a price per light. Where 
a building has gas lights at frequent intervals, a factor per 
square foot of floor area can easily be estimated. 

The piping used for manufacturing purposes presents the 
greatest difficulty. The steam and water pipe in a steam 
power plant will vary little from a standard figure per horse- 
power of boiler rating. For long runs of covered steam pipe 
through rooms where there are few or no outlets, a price per 
lineal foot ean be used. 

In plants where there is a great quantity of piping, par- 
ticularly in bleacheries and paper mills, small factors cross- 
checked by large factors can be used. These factors are ob- 
tained from time to time when actual costs in a new plant are 
available. In all cases the large factor for steam is based on 
the horsepower rating of the boiler plant. In a bleachery the 
large factor for water is based on the number of kiers; in 
pulp and paper mills, for water and stock piping, on the 
number of pulp grinders, digesters, wet machines and paper 
machines, as the case may be. The small factors in all cases 
are varied with the pieces of apparatus. By using both meth- 
ods in estimating a plant a sufficiently accurate total can be 
obtained. With factories making dyes, chemicals, soaps, ete., 
the same method ean be employed. 

Air piping, though quite extensive in modern machine shops, 
never amounts to more than a very small fraction of the value 
of the plant. The runs of pipe are easily followed and a fac- 
tor per lineal foot or per machine supplied can be ascertained. 

Fuel-oil and gas or gasoline piping is of still less impor- 
tance from a value standpoint and can be easily estimated in a 
manner similar to that used with air piping. 


Furniture and Apparatus. In every plant there is a large 
amount of equipment (exclusive of small tools, dies, ete., which 
will be considered later) that cannot be classified under the 
head of machines and yet does not belong to any special class. 
This equipment is covered under the very elastic term “ fur 
niture and apparatus.” All furniture, benches, racks, trucks 
and seales come under this heading. In a textile mill all bob 
bins, spools, ete., in a metal-working plant all boxes, trays and 
cans, indeed, every miscellaneous article that cannot be in 
cluded under any other definite title, can be covered under this. 

To list all of these items in detail would be arduous. Many 
would be destroyed and new ones added before the list could 
be completed. The value, however, would be insignificant 
when compared with the total value of the plant. It is not 
difficult, however, to obtain a fairly accurate estimate. 

In a cotton mill a factor per spindle can be used, and in a 
woolen mill a factor per set of cards. In any textile mill, 
however, it is possible to obtain from the different foremen the 
approximate number of bobbins, spools, roving cans, filling 
boxes and trucks, while the appraiser can easily estimate, room 
by room, the value of what other miscellaneous apparatus 
there is. In a metal-working plant the benches and racks can 
be appraised by a factor per lineal foot; the number of tote 
boxes, cans and trucks can be obtained from the foremen, and 
the other miscellany can be estimated as above. A similar 
method ean be applied to any plant. Office furniture can be 
appraised, without listing, by using judgment. 


Small Tools and Dies. All machine shops contain an equip- 
ment of small tools and all metal-working plants an equipment 
of dies. The proportion that the value of these bears to the 
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value of the whole varies greatly with the class of work. In 
many concerns fairly aceurate records are kept of the cost 
of such small tools and dies. Experience has shown that fae- 
tors per producing machine can be used that will give a fairly 
accurate appraisal. Where a closer estimate is needed, the 
tool and die storerooms ean be examined and fairly repre- 
sentative shelves or drawers can be appraised to obtain a fae- 
tor or factors to be used for the remainder. 


Patterns and Drawings. Depreciation plays an important 
part in finally determining the value of patterns and draw- 
ings. To obtain the new value of patterns it may be possible 
to study the pattern-shop pay roll for a given period and add 
a proper amount of overhead expense. So many patterns 
are obtained from outside, however, that the most satisfactory 
method is to shelves in the 


examine the pattern 


classify them into a few groups and estimate a price per 


storage, 


square foot of shelf area for each group. 

With drawings the pay roll, plus overhead expense covering 
the entire time since the drawings began to accumulate. gives 
the most accurate basis. For replacing cost the present rates 
of pay should be used, but a deduction should be made for 
time spent in experimental work in either ease. A good cross- 
check is to obtain from the head draftsman the total number 
of drawings, divided into several groups for size and cost. 

Molds, Lasts, etc. Molds, used both for hard and soft rub- 
ber and in several other classes of manufacture, are usually 
carried on accurate inventory by the owner, but if not, they 
ean be appraised by methods similar to those used for small 
tools and dies. Lasts in shoe factories, copper shells in print 
works, print rolls in wallpaper factories and dandy rolls in 
paper mills are almost invariably carried on inventory. In 
the rare eases where not so listed they ean be easily counted, 
divided into classes and an average price to be used for each 
class readily obtained. 

Miscellaneous. The above-mentioned subjects are the ones 
most commonly found. Occasionally the appraiser visits a 
manufacturing establishment which is out of the ordinary and 
special auxiliary apparatus is found in large quantity. By 
using some of the methods described for appraising small tools, 
patterns, ete., the value of these extras can be obtained. 

Stocks and Supplies. In making insurance valuations the 
Faetory Mutual appraisal department almost invariably relies 
on the inventories of the assured to obtain the value of stock 
and supplies. In rare instances, however, where such are not 
obtainable, a rough average obtained from previous appraisals 
of similar plants can be used. 


ROUGH APPROXIMATION 


The methods described above enable the appraiser to make 
an accurate estimate of the value of buildings and machinery 
in a much shorter time than would be used were all items listed 
in detail. To obtain quickly an approximate valuation a com- 
parison can be made with other appraisals on a basis of the 
square foot of floor area or of the number of producing ma- 
chines. In specific instances the comparison ean be made per 
spindle, per set of cards, per kier or per paper machine. 


DEPRECIATION 


There is a wide difference of opinion as to the amount of de- 
preciation that should be allowed on buildings and various 
classes of machinery and as to the method of caring for such 
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depreciation in the book accounts. Indeed, another argument 
in favor of the “short cut” method of making valuations is 
the fact that two competent appraisers would show more dif- 
ference in the value of a plant on account of varying opinions 


as to the amount of depreciation to be allowed than in errors 
made in estimating the new value. 
Depreciation for Insurance. A building that houses a go 


ing concern or a machine that is turning out a salable product 
deserves less depreciation from an insurance standpoint than 
Mutual 


Insurance Companies to deduct for depreciation what judg 


from any other. It is the intention of the Factory 


ment shows is deserved for actual wear and tear and for ob 


solescence. The methods used in estimating this depreciation 
vary with buildings and with different kinds of machinery. In 
some cases a sliding scale can be applied and in others an 


average figure. 


Depreciation of Buildings. A building badly out of repau 


naturally deserves fairly heavy depreciation. A building u 
good repair, but so antiquated in size and shape that it is 
unsuited for the uses to which it is being put, als: 


When. however, a 


building is of such dimensions that it perfectly answers its 


manilestly 


deserves a reasonably heavy deduction. 
purpose, has remained plumb and is constantly kept in repair, 


actual age has little influence on judgment. It is considered 


that about five per cent of the new value is enough. In other 
words, buildings are not depreciated a certain per cent a year, 
but 


have a flat amount deducted on account of condition and 


not on account of age. 
Machines 


in the manner in which they wear out and in the rapidity wit! 


Depreciation of Machinery. vary greatly bot! 


which they go out of date. In rare cases where a machine has 
been practically superseded in the market by one that will 
cost much less, it is better to use for a new value the cost of 
the less expensive machine rather than show an exeessive de 
preciation. As a rule, the amount deducted applies chiefly to 


wear. 


With machines that need repairs at all points from time to 
time, a day arrives after a period of years when it is better 
to throw them out altogether and replace with new rather tha 
continue to repair them. Practically all textile machines come 
in this elass, as do engines and other power-plant machines, 
and also some machine tools, wood-working and paper-work 
ing machines. To all of that nature a depreciation table is 
2, 2, 3, 4 or 


applied, allowing ° 
the 


) per cent a year, deducted 


from the net and not from gross. If a machine is e} 
tirely rebuilt it is usually considered to be worth at that time 
within five per cent of new value, and the table is applied fo 
succeeding years. In either case, the probable average life is 


ascertained and the table that best fits is used, but seldom is 
the depreciation carried to a point beyond fifty per cent. 
There are many kinds of machines where the main portion, 
sometimes as much as eighty per cent of the total value, r 
mains for years with practically no wear. The small moving 
parts, however, wear so rapidly that they are constantly being 
replaced. This is true of a great variety of machine tools, 
With these it is 


considered that the wearing parts are always in a state of 


metal-, wood- and paper-working machines. 


fifty per cent depreciation, and the amount dedueted is half of 
the percentage the value of the wearing parts bears to the 
total value of the machine. This method also applies to roll 
ing mills, rubber mills and ealenders where the frames and 
gearing remain intact for years and the rolls constantly wear 
down and are replaced. 


There is another class where neither the depreciation table 
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nor the definite average described above can be used. This 


includes most of the machinery in paper mills, bleacheries ar d 


dye works where wet processes are used. These machines wear 


rapidly and are frequently rebuilt. Paper machines in | ar 


ticular are composed of a train of parts, and from time to time 


different sections are either rebuilt or removed entirely and 


replaced. The depreciation in such cases depends upon the 


condition at the time of the appraisal and is not influenced by 
the age of what remains of the original machine. 

Depreciation of Shafting, ete. It is quite apparent that t 
obtain the age of shafting, belting, piping, ete., would ne: 


always be impossible, so that general figures for depreciation 


are salest Shatting shows such slight wear that depres autliol 
s seldon reco’ Zea It s becoming the custom, however, to 
show either a slight deduction or else purposely record the 
‘ alue at a conservative f e wh on account ol poo! 
rangement a amout exe = il 1s eeded is in se, 
Main pelts Weal slowly. ( machine belts will al iVs 
erage 50 per cent wear, so that, as at ile, the total « ount 
it belting is de preciated ) per cent 
Piping will last for years, exce;t ere exposed to acid 
umes. Pipe covering and valves show wear, but piping as a 


vhole 1s seldom depre iated more than te pel cent 


The miscellaneous equipment classed under th ead of 
‘furniture and apparatus” is made up objects most of 
vhich are constantly wearing out. The an t is, theretore, 


isually depreciated from twenty to fifty per cent. 

Small tools, dies, print rolls and electrotypes wear out, but 
they are affected to a great extent by obsolescence. latterns, 
drawings, molds and lasts are subject to depreciation for the 


only. In 


from the new value of any of these the appraiser must ascer- 


atter reaso) determining the amount to be deducted 


tain what proportion of the equipment is indispensable or 


practically new. 


APPRAISAL COMPANTES 


Having explained the method by which an aceurate ap- 


praisal cau be made, expending the minimum amount of time, 
the writer may well reter briefly to the method of making an 
appraisal by laborious, painstaking detail, best illustrated by 


the work of the appraisal companies. The finely prepared 
volumes are found to contain a list of substantially everything 
on the 


premises. They are overburdened with extended «dé 


scriptions of buildings and machinery, far more than is neces 
sary to determine value and decidedly confusing to | 
The 


total value recorded is based on estimate only, 


searcher for individual items. usual proportion of tl. 


and invariably 
enough 


there are errors large to counterbalat ce whole paces 


of minor items so caretully noted. The law of averages usually 
balances these errors, so that the final result is approximately 
correct, but no more so than that of an appraisal made by tli 


shorter method already deseribed., 


CONCLUSION 


method of mak- 
ing appraisals has been employed by the Factory Mutuals for 


This so-called approximate or “ short cut ” 
years and foundations and other uninsurable properties are 
omitted, while the depreciation charged off is for insuratce 
purposes only. It should be emphasized that the figures thus 
obtained are not intended for other uses, though safe enough 
for proportioning a cost system. But the method described 


can be employed in making an appraisal for any purpose. 
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HE Sub-Committee on Railroads has been fortunate this year in securing for presentation and dis- 
cussion at the Annual Meeting papers of interest both to locomotive engineers and to passenger- 


car men, 


MECHANICAL DESIGN OF 
LOCOMOTIVES 


BATCHELDER, SCHENECTADY, N. Y. 


ELECTRIC 


By A. F. 
Member of the Society 


peers features in the mechanical design of electrie 
locomotives are, in the order of their importance: 
1 Safety of operation 
2 Adaptability to service conditions 
4 Reliability in service 
+ Convenience of arrangement as affecting safety and effli- 
cleney of operation 
5 Power efficiency (affected by mechanical design ) 
6 Service time factor (ratio, time available for service to 
total time) 
7 Cost of maintenance of permanent way 
8S Cost ot 


9 First 


maintenance of locomotives 


cost. 

SAFETY OF OPERATION 
The steam locomotive has been developed to such a state 
of pertection that it can operate at near 80 m.p.h. with 
perfect safety; but no one would think of operating at this 
backwards. With the loco 


railroad sing 


speed coming of the electric 


motive, the operator is not content with 


end operation, but must have a locomotive that will operat: 
equally well in either direction. This does not impose any 


serious difficulties in the design of locomotives for speeds 
under 50 m.p.h., but for higher speeds it requires very care 
ful consideration of running-gear details, to obtain the most 
satisfactory results as to tracking and effect on rails and road 
bed. 


The steam locomotive has what now seem to be natural 
characteristics to allow high-speed operation in one direction. 
These characteristics are low center of gravity at the front 
end carried on the center pin of a 2-axle guiding truck tend 
ing to prevent rolling over and having but little effect on the 
guiding, and Ingh center of gravity at the rear end with in- 
side journal bearings allowing the locomotive to roll 


increasing the element, 


and 
thus reduces and dis- 


tributes the lateral pressure against the rail over a longer 


time which 
distance and inereases the vertical pressure on the rail, thus 
holding the locomotive more firmly in place. These same 
characteristics can be obtained in electric locomotives by the 
sacrifice of double-end operation. 

The advantages gained in operating the electric locomotive 
in either direction are so important that means should be 
provided for satisfactory double-end operation. One way 
of doing this is by using a 4-wheel guiding truck at each 
end of the locomotive. With the use of the extra truck, 
however, the importance of a high center of gravity largely 
disappears. The lateral pressure against the rail at the 
rear end now appears at the truck flanges rather than at the 


For presentation at the Annual Meeting of THe AMERICAN Society 
OF MECHANICAL ENGINEERS, New York, December 5 to 8, 1916. The 
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The session in charge of this committee will therefore be of wide interest. 


flanges of the driving wheels, and the high center of gravity 
no longer provides the same increased vertical pressure on the 
lateral 


outer rail at the point of the maximum 


The 


taken at the center pin of the two guiding trucks, the ad 


pressure. 


lateral stresses from guiding the main frame being 
ditional vertical pressure on the outer rail is dependent upon 
the height of these center pins rather than upon the height 
of the center of gravity of the main frame above the wheel 
hubs, thus leaving less advantage to be derived from a high 
center of gravity. 

The paper shows that while the swivel truck is desirable 
as a guiding agent at the front end, it is not so desirable at 
the rear end, and means must be provided to prevent oscil 
lation of the truck and to accomplish the same results as the 
high center of gravity in a single-end locomotive. For this 
it is necessary to reduce the momentum effect and to repro 
duce the equivalent of the time-element factor and of in- 
erease of vertical pressure on the outer rail that is character 
istie of the high-center-of-gravity single-end locomotive. 


The 


sistance 


introducing re 
truek trom 
track. The 


determined by the 


momentum effect can be reduced by 


against swiveling, thus restricting the 


oseillating from one side to the other of the 


amount of thus allowable 


resistance 1s 
amount that ean safely be applied to the truck when leading. 
To reproduce the time-element factor, lateral movement can be 
given to the truck center pin by any of the several methods 
for giving lateral movement to the leading truck center pins 
writer has obtained the best 


on locomotives. However, the 


results with the methofl that is the nearest to constant pres 

sure and dead beat, as it also tends to prevent oscillating. 
To increase the vertical pressure on the outer rail, the center 

made wide, thus allowing the 


bearing of the truck can be 


vertical component of the lateral pressure at the center of 
gravity to be transferred through the bearing to the wheel, 
or, with the narrow center bearing, the height may be made 
such that the lateral pressure at that point will result im an 


‘ 


increased vertical component independent of the height of 
the center of gravity. 

It is the writer’s opinion that the double-end locomotive, 
while its characteristies are different, can be designed for high 
speed with safety equal to the single-end locomotive, and this 


regardless of the height of the center of gravity. 


ADAPTABILITY TO SERVICE CONDITIONS 


The electric locomotive, besides being required to operate 
in either direction, is often also required to be adapted for 
operating high-speed passenger trains and heavy low-speed 
freight trains over main-line tracks, to negotiate sharp curves, 
and to be easy on light track and bridge structures. 

With locomotives having geared motors, the requirement of 
operating the passenger and freight trains can often be met by 
changing the gearing to obtain the proper speed and drawbar 
pull. 


The running gear can be made with trucks of short wheel 
base and coupled together, the number of trucks depending 
upon the required weight of the locomotive for its maximum 
drawbar pull, and also on the allowable weight per axle. 
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With such a design curves of very short radius ean be oper- 
ated over, and the weight per axle can be such as to allow 


operation over light structures. 


RELIABILITY IN SERVIC 


When the design is such that it is safe to operate at th 
required speeds and is proper for the eurves and other sery 
liberal 


ive requirements, and 


factor of satety is provided 
for the parts subjected to strain, reliability in service at 
fected by the mechanical part of the locomotive depends 


mainly upon the bearings, their lubrication, and the method 
of power the to the drivers. It 
is necessary therefore to provide effective lubrication and as 
few bearings and as simple driving mechanism as the design 
of the motors will allow. 


transmission from motors 


CONVENIENCE OF ARRANGEMENT AS AFFECTING 


EFFICIENCY OF OPERATION 


SAFETY AND 


After providing all the safety appliances recommended by 
the Interstate Commerce Commission, it is important to a1 
the the 


him an the track and signals, to 


range for most convenient location of 


operator to 
allow unobstructed view of 
the air-brake valve and 
motive-signal-device handles, as well as the reverse and power 
controller handles, keeping in mind the importance of making 
them so free from complication that the operator will require 


place within his easy reach loeo 


the least amount of thought to manipulate any of the devices 
and be left free to respond to signals and look out 


emergencies. 


lor 


The arrangement for housing the electrical apparatus and 


its position in the cab myst be governed largely by its 
design, but it is important to arrange it so that its operating 
parts are accessible and easy to inspect, and at the same 
time are protected against 


persons coming in contact with 


anv live parts. 


POWER EFFICIENCY 

The power efliciency as affected by mechanical design is 
governed largely by the type of traction motors. It is ap 
parent that the gearless motor mounted directly on the axle 
allows the design of maximum efficiency on account of its 
The 
and driving through 


few bearings and absence of gearing and moving parts. 
gearless motor mounted on a quill 
springs to the wheels may be considered second in its pos- 
sibilities for high-efficiency design, it having additional bear- 
ings and a greater number of moving parts. The single- 
reduction geared motor with its additional bearings and gear 
losses can be given third place in efficiency design; the 
single-reduction geared motor driving through gears and side 
rods to the wheels may be placed fourth, and the gearless 


motor driving through side rods and jackshaft to the wheels 
fifth. 


SERVICE TIME FACTOR 


The service time factor is dependent upon the ability of the 
locomotive to operate under all service conditions and without 
undue strains, which requires a liberal design of its wearing 
parts. In addition to this it depends on the simplicity of 
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the which 


its parts ean be inspected, adjusted, repaired, or replaced. 


design ot the locomotive and ease with 


COST OF MAINTENANCE OF PERMANENT WAY 
The cost of maintenance ot permanent way can be increased 
or reduced bv the design ol the locomotive. The lowest 


obtained when the locomotive meets its service re 


Cost 1s 
quirements without undue strains, when the rotating parts art 
balaneed, the weights per axle are suitable for the structures, 
a suitable equalizing system provided to maintain the proper 


weight distribution, and provision made to protect against 


flange wear 


COST OF MAINTENANCE OF LOCOMOTIVES 


The cost of maintenance ot the locomotive ts dependent 


ipon satety ol operation, adaptability to service conditions, 


reliability, convenience of arrangement, and the same items 


that enter into its service time factor. It is also governed 


by the same conditions as affect the maintenance of permanent 
way. 

The eare with which the material is selected, the quality of 
workmanship, ease with which the parts can be inspected, ad 
justed, repaired or replaced, and simplicity of design govern 


maintenance cost. 


This will depend largely upon the design chosen, but its 
importance, except at the time oft p irchase, becomes of litth 
moment when taking into consideration the eight toregoing 
features. With two locomotives designed for the same service, 


the cost of the difference in efficiency and locomotive mat! 
tenance alone for one year may, when capitalized, amounts to 
a considerable proportion of the first cost of one ot the 


locomotiv es, 
Too 


the 


much importance cannot be given to developing to 
the the 


From the present outlook, the locomotive for high-speed pas 


utmost mechanical part of electric locomotive. 
senger service with gearless motor with armature mounted 
directly on the axle, and the locomotive for freight and 
switching service with single-reduction geared motor mounted 
on and geared to the axle, lend themselves best to simple 
design and low cost of maintenance. 

In making these comments the writer does not criticize 


The 


reached are drawn from experience with his own designs of 


the work of any other designer. conclusions he has 


the various types referred to. 


CLASP BRAKES FOR HEAVY PASSENGER 
EQUIPMENT CARS 


By T. L. BURTON’, ST. LOUIS, MO 


Non-Member 


HE first requirements of a power brake are to stop the 
vehicle to which it is applied in the shortest possible dis- 
tance, consistent with maximum rail adhesion, during emer- 


‘Equipment Department, The New York Central Railroad. 


For presentation at the Annual Meeting of THe AMERICAN Socipry 
OF MECHANICAL ENGINEERS, New York, December 5 to 8, 1916. The 
paper is here printed in abstract form, and advance copies of the 
complete paper may be obtained gratis upon application. All papers 
are subject to revision 
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gency braking, and in the minimum distance, consistent with 
accuracy and smoothness, during service braking, all of which 
is largely dependent upon the type of equipment employed, the 
manner in which it may be operated and the braking ratio 
(percentage of brake power) that can be successfully used. 
The braking requirements for present-day heavy steel pas- 
senger-car equipment can best be appreciated by a careful 
analysis of the records of a number of passenger-train brake 
tests with the earlier light wooden cars and the heavy steel 
equipment of today, and for those who care to make such 
W. Dudley 
at the February, 1914, meeting of the Society is unqualifiedly 
recommended. 


an analysis the paper which was presented by S. 


For ready reference, however, it might be in- 
teresting to state that in 1902 an exhaustive series of brake 
tests were made on the Pennsylvania Railroad, under the 
supervision of A. W. 


locomotive and comparatively light wooden cars, in whieh 


Gibbs, with trains consisting of one 
stops were made from a speed of 60 m.p.h. with emergeney 
brake applications in approximately 1000 ft. 

In 1903 similar tests were made on the Central Railroad of 
New Jersey, under the writer’s supervision, in which passenger 
trains consisting of what was then considered modern equip- 
ment were stopped from a speed of 60 m.p.h. in an average 
distance of 970 ft. 

Early in 1905 another series of tests was made on the Penn- 
sylvania Railroad with equipment similar in weight and con- 
struction to that used in the 1902 and 1903 tests, with sub- 
stantially the same results. 

The emergency braking ratio in the Pennsylvania Railroad 
and the Central Railroad of New 
125 per cent of the car weight, 
was employed for automatically 


Jersey tests did not exceed 
and a reducing mechanism 
reducing the braking ratio 
during the stops, so that the mean effective ratio was approxi- 
mately 100 per cent. 

Based upon results obtained in the three brake tests just 
referred to, a distance of 1000 ft. was considered a desirable 
theoretical emergency stop from a speed of 60 m.p.h. for a 
passenger train having the ordinary “ high-speed brake.” 

In the fall of 1905, closely following the second test of the 
Pennsylvania Railroad, similar tests were made on the New 
York Central Railroad, 
Quereau. 


under the supervision of C. H. 
The locomotive and ears used in this test weighed, 
however, considerably more than the ones used in previous 
tests, and the emergency stops from 60 m.p.h. were over 1200 
ft., in cases where the air-brake equipment and braking ratio 
were substantially the same as had formerly produced ap- 
proximately 1000-ft. stops with lighter equipment. 

Results of the New York Central test immediately estab- 
lished the fact that as the weights of the individual vehicles 
of which the train was composed increased, the braking ratio 
would have to be increased if the length of the stop was to 
be no greater than was formerly made with lighter equipment, 
and to meet the requirements of the heavier locomotives and 
vars the air-brake manufacturers immediately developed an 
air-brake equipment with which could be had a higher braking 
ratio than was obtainable in previous tests with lighter loco- 
motives and ears. 

In 1908 another exhaustive series of tests was made on the 
Southern Pacific Railroad with still heavier locomotives and 
ears, in which it was found that a distance of over 1300 ft. 
was required for stopping the heavier trains from a speed of 
60 m.p.h. with no greater emergency braking ratio than was 
formerly required for making a 1000-ft. stop with the ligher 
equipment. 


In 1909, R. B. Kendig, Mem.Am.Soe.M.E., conducted still 
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another brake test on the Lake Shore & Michigan Southern 


Railroad with trains consisting of locomotives and _ ears 


closely approximating present-day equipment in weight, for 
which was required an emergency braking ratio of 180 to 200 
per of the 
1200-ft. stop from : 
strated 


cent ear weight for producing approximately a 


These tests demon 


speed of 60 m.p.h. 
to the entire satisfaction of all who participated in 
them that the emergency braking ratio for heavy steel cars 
would have to be not less than 180 per cent of the car weight 
if the emergency stops were to be made in no greater distance 
than formerly required for the lighter cars.’ 

Realizing that 180 to 200 per cent braking power applied 
to one side of a car wheel would probably produce ill effects 
on journals, brasses, trucks, ete., the writer had made a careful 
and thorough analysis of the force action on car journals as 
effected by high-braking forees. These analyses show conelu- 
sively the undesirability of applying to one side of the wheel 
a braking ratio of sufficient magnitude for stopping the mod 
ern heavy steel equipment in no greater distance than for 
merly required for stopping the lighter wooden equipment. A 
summary of these analyses is given in the text of the paper 
and in illustrations. 

In the light of these analyses, it is the writer’s opinion that a 
suitable design and make of clasp brake should be used on 
modern steel passenger equipment, the advantages of which 
are, briefly stated, as follows: 


SAFETY 


a In ease of danger, requiring an emergency brake applica- 
tion, a much shorter stop can be made with the clasp brake 
than with a single-shoe brake, other conditions except those 
affected by the brake gear being the same in both cases. 

b If properly designed, manufactured and installed, there 
is no oceasion to disconnect any part of the clasp-brake rig- 
ring between shopping of cars. The probability of the brake 
becoming inoperative through a failure to properly replace 
cotters when disconnecting the brake with the ear in transit 
and the loss of brake pins resulting therefrom is reduced to 
a minimum. 

c A thin brake shoe or the loss of a brake shoe does not in 
all brake to brake 


beam. 


cases necessitate cutting out a save the 

d If the clasp brake is properly designed, manufactured 
and applied to the car it will be practically impossible to ad 
just the rigging so as to impair its eflicieney or interfere in 
any way with its proper operation. 

e The axles and truck frames, in addition to performing 
their usual functions, become safety hangers for the major 
portion of the brake rigging, thus reducing to a minimum the 
possibility of derailment that might be caused by brake rig- 
ring dropping on the track in ease of failure of the truck 
brake gear. 

f While the possibility of disconnected brake parts drop- 
ping on the track is greatly reduced in comparison with the 
single-shoe type of brake gear, the danger is further reduced 
on account of the clasp-brake parts being much lighter than 
those of the single-shoe type. 


1It is not the intention to show by the above references to brake 
tests the distance in which trains may be stopped in service. In con 
ducting brake tests variations in equipment by which stopping dis- 
tances are effected are necessarily reduced to a minimum, otherwise 
the results would not be comparative. The stopping distances re 
ferred to should, therefore, be used only as a basis of comparison 
for different equipments, and it should not be assumed that such stops 
would be reproduced in actual train service. On the contrary, it ma 


safely be assumed that the stops with service trains should be much 
longer than 


test records show. 
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ROUGH VS. SMOOTH TRAIN HANDLING, ACCURACY IN MAKING 


STOPS, ETC. 


g Many modern passenger trains are, on account of thi 
inherent shortcomings of the “single-shoe” type of brake, 
extremely difficult to handle smoothly. Careful investigatio 


of the complaints of roughly handled passenger trains indicate 


that most of these troubles are due largely to non-unifor 
braking power and the time in which it is de veloped, as a 
result of improper piston travel. 

In service braking at low speeds, whether for the purpose 
of stopping trom such speeds or tor completing stops tro 
high speed, such as making a second brake application as the 
stopping point is approached, the brake power should be light 
and the retardation resulting therefrom must be developed 
slowly, or simultaneously on all cars, if smooth handling 
to be insured. Smooth service stops from all speeds are als 
contingent upon the flexibility of the brakes. 

The seriousness of slack-action shocks is greater than i 
former years on aceount of the greater average weight of cars 
and increased length of trains, and the chances for producing 
them are much greater with the single-shoe brake than was 
formerly the case with lighter cars and shorter trains. 

Contrasting the desired rate at which the braking powel 
should be de veloped al low speed, making service or emel 
gency stops trom high speed in a minimum distance necessi 
tates developing a high nominal braking power, and in addi 
tion thereto it must be developed rapidly. 


The rate at which both service and emergency braking 


power are developed is largely dependent upon piston travel, 


and with a view to producing the best results under all condi 
tions, the automatic brake is built on the principle of maintai 

ing, as near as practicable, 8 in. of piston travel at all times and 
under all conditions. As an example, if, during service brak 
ing at low train speeds, the piston travel resulting from a 10 
lb. brake-pipe reduction is only 5 in. instead of 8 in. (wit! 
some brake riggings it is 5 in. or less), the braking power wil 
be ‘fully 100 per cent greater than with the predetermined 
standard piston travel of 8 in.; and with the shorter travel 
a 10- or 15-lb. reduction will practically equalize the auxiliary 
reservoir and brake cylinder pressure, thereby materially r 

ducing the flexibility of the brake. While the vibration of the 
car may cause the 5-in. piston travel to increase to practically 
normal before the stop is completed, it will not do so except 
when stopping from high speed. Moreover, if the travel does 
increase before the stop is completed it will contribute not! 

ing to smooth handling, as the shock will have oceurred while 
the travel was short. 

Other things being equal, the clasp brake will develop a 
higher percentage of braking power than the single-shoe 
brake during heavy service or emergency applications, but for 
light service braking at low speed the brake power developed 
from a given brake-pipe reduction is much less with the clasp 
brake than with the single-shoe brake, and it is developed at 
a much lower rate, thereby insuring smoother train handling 
than can be had with the single-shoe brake. 

The results just cited are due to the fact that with the single 
shoe brake the piston travel is practically proportional to the 
cylinder pressure developed, whereas with the clasp brake, 
with a shoe on each side of the wheel, the horizontal wheel or 
shoe movement relatively to the brake cylinder is reduced to 
& minimum, and such movement if produced from any cause 
will have no effect on the piston travel. Moreover, with the 
clasp brake the shoes are located sufficiently close to the 
horizontal center line of wheel centers to obviate the pulling 


down of truck frames and variations in piston travel resulting 
therefrom. 

The removal of worn shoes and their replacement by a given 
number of new shoes without readjustment of slack, as is fre 
quently done on long runs, will not affect the piston travel 
with the clasp type of brake to the same extent as would oceut 
with the single-shoe type of brake. 

The only remedy that can be offered for the difficulties 
arising from improper piston travel, which so seriously affects 
the braking power resulting from a given brake-pipe reduc 
tion and the rate at which it is developed, is to apply a truck 
and-body brake gear that will substantially insure uniform 
piston travel under all conditions of speed and cylinder pres 
sure. The use of the clasp type of braking rigging with body- 
brake gear to suit will, to a large extent, accomplish these 
results and restore the flexibility of brake operation which 
existed prior to the adopt on ol extremely heavy ears and 


rle shoe 


long trains of the present day e upped with si! 


] 
brakes, 


IMPROVES RIDING QUALITIES OF EQUIPMEN’ 


h The high brake-shoe loads developed one one side of the 
wheels with a single-shoe brake produce a binding effect be 
tween pedestals and oil boxes which interferes with the 
proper action of the truck springs during an application of 


the brakes, and when the shoes are hung low, as is necessary 


with the ordinary six-wheel truck and single-shoe brake, the 


pulling-down effect of the truck defeats in many cases the 
purpose of the truck equalizing springs. This binding be 
tween pedestals and oil boxes and the increased load on truck 
springs causes the car to ride hard when brakes are applied 


These evils do not exist with the clasp brake. 


ELIMINATION OF HOT BOXES 


i With the single-shoe type of brake rigging it will be 
observed that the high pressure exerted by the shoe on one 
side of the wheel causes the tilting of brasses sufficier tly to 
lift one side of the brass a considerable distance away from 
the journal (see Figs. 3 and 4) so that a wide space is open 
for waste to be caught between the brass and the journal 
when the brake is released and the brasses and journals re 
sume their normal position. 

Investigation has shown that waste has been found wrapped 
around the journal, and that the collars on the axles are 
foreed against the sides of the boxes. Further, these effects 
are not confined to emergency applications, but will also be 
noted in service ap} lications of the brake and are all in the 
direction of prod wing hot boxes, while the unequal distribu 
tion of braking power and binding between boxes and ped 


estals has a tendency to cause slid flat wheels. 


DECREASE IN MAINTENANCE COST AND BRAKE-SHOE COST 


j While the principal advantages inherent in the clasp 
brake, of greater flexibility in service braking, ete., are out 
lined in the foregoing, and the primary consideration for its 
adoption must be the increased emergency efficiency over the 
single-shoe type of brake, providing as it does for the pos- 
sibility of greatly shortened stops, with a lesser tendency to 


slide wheels, and consequent increase in safety, the clasp brake 


will also, due to the principles involved in its design and con- 


er 
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struction, show a decided decrease in cost of maintenance, not 
only in the brake rigging itself, but a substantial decrease in 
the cost of brake-shoe material for equal amounts of energy 
dissipated. 


COST OF TRAIN OPERATION 


k Investigation has developed the fact that with the single- 
shoe type of brake on modern passenger equipment cars and 
the piston travel adjusted to proper limits, approximately 35 
per cent of the available tractive effort of the locomotive was 
consumed in pulling the train against the effect of brake shoes 
dragging on the wheels with the brakes released." With the 
clasp type of brake and the resulting increased shoe clearance, 
this loss is eliminated, leaving better maintenance of schedules 


and corresponding decreased cost of train operation. 


CONCLUSION 


1 In considering the application of clasp vs. single-shoe 
brakes to the modern heavy steel passenger car of to-day, the 
advantages of the former over the latter, as enumerated 


above, are but secondary to the primary question to be settled, 


'See M.C.B.Assn. Proceedings, 1910, page 97, paragraph 


GAS 


Hk Sub-Committee 
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namely: Are the present-day trains to be stopped from 
given speeds in no greater distance than was required ten to 
If so, 
the question of whether or not an efficient clasp brake should 
be used on such trains is conclusively settled. 


fifteen years ago for stopping the lighter wooden ears? 


The collision energy of the heavy steel passenger trains as 
compared to the lighter wooden train has increased directly 
in proportion to the increased weight, and in geometrical pro- 
portion to the inereased speed, in cases where speeds have 
been increased, to say nothing of the increased density of 
traffic. It would, therefore, seem that the use of a clasp 
brake is essential in successfully controlling the speed of 
present-day or future passenger trains, and without regard 
to nominal inerease in first cost or multiplicity of parts of 
brake gear resulting therefrom. 

m The foregoing discussion on the relative performance of 
the clasp and single-shoe brake is with the distinct under- 
standing that the former is designed upon a scientific engi 
neering basis and is constructed and installed in accordance 
with the principles involved in the design; for while the 
claims made for the clasp type of brake have been conelu- 
sively demonstrated by exhaustive tests and road service, it 
has likewise been demonstrated that where the clasp brake is 
improperly designed or carelessly manufactured and installed 
the results obtained in service are in many respects less de 
sirable than with the single-shoe brake. 


POWER PAPERS 


on Gas Power will have charge of a 


session at the Annual Meeting at which 


important papers on gas manufacture, gas analysis, comparison of steam and gas engines, internal 


combustion engines, and gas tractors will be presented. 


THE INTERNAL-COMBUSTION MOTOR 


FOR TRACTION ENGINES 


BY A. A. POTTER, MANHATTAN, KAN. 
Member of the Society 
and 
W. A. BUCK,’ MANHATTAN, KAN. 


Non-member 


T the present time, over one hundred manufacturing con- 
A cerns in the United States are building traction engines 
driven by internal-combustion motors. The designs differ 
greatly: some have motors with horizontal cylinders, others 
with vertical cylinders. In some designs the power of the 
motor is delivered to one wheel, in others to two, and in still 
others to all four wheels; several designs are of the so-called 
“ creeping grip ” types. 

The development of the traction engine for agricultural pur- 
poses has been along lines entirely different from those of the 
automobile. The early engines developed 60 to 80 h.p. on the 
brake and 30 to 40 h.p. on the drawbar; they were expensive, 
complicated, and unsuited for any but the largest farms of 
the country. The present tendencies of manufacturers are to 
build smaller engines and to standardize the product. 

* Assistant in Steam and Gas Engrg., Kans. State Agri. Coll. 

For presentation at the Annual Meeting of THE AMERICAN Society 
oF MECHANICAL ENGINEERS, New York, December 5 to 8, 1916. The 
paper is here printed in abstract form, and advance copies of the com- 


plete paper may be obtained gratis upon application. All papers are 
subject to revision. 


Two of the papers for this session appear below. 
OBJECT OF INVESTIGATION 


The purpose of this investigation was to determine the fuel 
economy and thermal efficiency of a great variety of traction 
engine designs, to find out the practicability of the fuels 
heavier than gasoline for traction engine use, and to compare 
the rating, valve setting, timing and other details of commer- 
cial traction engines. Particulars of the motors tested and of 


Table 1. 


the fuels used are given in 


GENERAL CONCLUSIONS 


From the results of this investigation the authors have de- 
rived the following general conclusions: 


a The four-cylinder motor is better adapted for belt work 
on account of the greater number of impulses per revo- 
lution. 

b The single-cylinder motor and the two-cylinder motor op- 
erate better than four-cylinder motors with fuels heavier 
than gasoline. 

e Carburetors now used are satisfactory for gasoline, but a 
carburetor jacketed with heat from exhaust gases should 
be employed when operating with kerosene or with the 
heavier fuels. 

d The ordinary automobile motor is too light for traction- 
engine work. The traction-engine motor should operate 
at lower piston speeds than the automobile motor. Mo- 


tors operating at piston speeds of 700 to 900 ft. per min. 
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are giving satisfaction. 
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plicity, is the best system ol ignition for traction engines. 



























































e The vertical types of motors are preferable on account of + The fuel-economy range is from about 1.30 lb. per shaft 
greater accessibility, longer lift and better balance. h.p. per hour at one-fourth load to about 0.7 lb. per hour 
f The valve-in-the-head type of motor has the more efficient at full load. The fuel consumption in lb. per shaft h.p. 
TABLE 1 PARTICULARS OF THE TRACTION-ENGINE MOTORS TESTED AND THE I UELS USED 
Fuel 
En- Type Ignition Lubrication Carbu- Cooling Gaso- Spe- Heat- Rat- Bors ‘ Re 
gine (all 4-stroke cycle System Systen System Governor line cific ing ing, I 7 per 
or grav- Value, b.h. J min 
Kero- it B.t 
sene per lb 
A ho twin, 2 high-tension, magneto mech p. sicht-! pump g iN 0 809 19.700 Ho 
oilers 
B same motor as A, but tested when new K 0 800 19.680 60 
{ splash & mech ) (G 0.739 19,670 } 
: pia I I . - a 
vert, L-head,' 4-c; high-tension, sight feed cil pumy th tling i K 9 788 19.500 rf on 
D vert., T-head, 4-« high-tension sight-feed pump Bennett pump diaphragm’ G 0.741 19,000 Oo 6 650 , 
E hor., opposed, 4-cyl high-tension st. feed pump splast Kingst thermo-syphon — throttling? G 0.735 17,680 “t) 6 7 500 
} hor., opposed, 2-« dual mech. st. feed oiler Ra thermo-syphor throttling G 0.730 20.600 10 & 9 a 
G vert., L-head, 4 high-tension pump splash Bent pump throttling G 0.737 20,000 4 5 7 700 
H hor., L-head, 4 high-tension mech. st. feed pump throttling K 0.789 19.900 2 54 s 575 
J hor., opposed, 2 high-tension pump splash Kings thermo-syphon = throttling G 0.747 19,550 25 6 7 570 
K vert., L-head, 4- high-ter ! pump splast Bennett pum } ttling G 0.737 20,000 nH $14 5 R00 
] hor... single-ev! w-tensior sight-feed onler pp } ' kK Oo 20 19.280 ¢ = y, 400 
7 { 650 4 
M hor.,L-hd., 2 i Pi Kingston dual | h. st. feed of K s pr p g ( 0 s 20,20 0 ry 
( 720 
t With mechanically operated inlet and exhaust valves ‘ Diaphragm type, using pressure of circulating water to control the speed 
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Fic. 1 Curves or Fue, ConsumPTION OF TRACTION ENGINES at Various LoapDs 


combustion space and is to be preferred to the T-head or 
L-head types. 
The combination of the forced feed and splash oiling sys-  / 


per hour is very nearly the same for both gasoline and 
kerosene. ‘ 

The thermal efficiencies at full load vary from 14.88 to 
19.41 per cent for gasoline fuel, and from 13.7 to 15.97 
per cent for kerosene. 


g 
tem gives good results. 


h The jump-spark system, on account of its mechanical sim- 
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RESULTS OF TESTS 
The paper includes a table giving results of the tests relat- 


ing to fuel consumption and thermal efficiency at various loads, 
and from the former the curves of Fig. 1 have been plotted. 


TABLE 2 COST OF TRACTION-ENGINE POWER WITH 


AND KEROSENE AS MOTOR FUELS 


GASOLINE 


Cost pER Horsepower-Hovwur in CENTS WITH 


Per Cent _ ‘ - . 
60° Baumé Gasoline at Prices per 45° Baumé Kerosene at Prices 
oe Gallons (in Cents) of per Gallon (in Cents) of 
9 12 15 18 21 5 7 9 11 
Group I! 
25 2.72 3.62 4.53 5.43 6.34 1.49 2.10 2.70 3.30 
50 1.68 | 2.24 | 2.80 | 3.36 | 3.93 | 0.95 | 1.33 | 1.71 | 2.09 
75 1.38 1.83 | 2.30 | 2.75 | 3.22 | 0.78 1.10 1.41 1.71 
100 1.25 | 1.67 | 2.09 | 2.51 | 2.938 0.70 | 0.98 | 1.26 1.54 
Group III? 
25 2.16 2.88 3.59 4.31 5.03 1.37 1.92 2.47 3.02 
50 1.37 | 1.82 | 2.27 | 2.78 | 3.18 | 0.89 | 1.25 | 1.61 | 1.97 
75 1.14 | 1.53 | 1.90 | 2.29 | 2.67 | 0.76 | 1.06 | 1.37 | 1.67 
100 1.07 1.43 1.78 | 2.14 | 2.50 | 0.73 | 1.03 | 1.32 | 1.61 


!Motors developing 15 to 26 b.h p. on full load, 
2Motors developing over 51 b.h.p. on full load. 


TABLE 3 VALVE TIMING FOR MOTORS OF TRACTION ENGINES 


EXHAUST VALVE INLET VALVE 


Speed of 
Motor, r.p.m. 
Opens before 


Closes after Closes after 


outer center 


Opens after 
outer center 


inner center inner center 


200 20° to 25 o* te 3° So" te 3° 15° to 20° 
300 22° to 27° 0° to 5° "es 3 15° to 20° 
400 27° to 32‘ 2° to 5° 2° to 7 15° to 20° 
500 30° to 35° 4°to 8° 5° to 10° 18° to 23° 
600 35° to 40° cas 3° 8° to 12° 18° to 23° 
700 40° to 45° 6° to 10° 10° to 12 20° to 25° 
800 45° to 50 6° to 10° 10° to 12 20° to 25° 


‘ONCLUSIONS FROM TESTS 

The lower fuel economy shown for engine A as compared 
with engine B (the same engine) was due to the greater spark 
advance used in operating engine A, when more cooling water 
had to be injected into the cylinder with the fuel to prevent 
pre-ignition. Water injection had to be used also during the 
tests of engines D, E and F with gasoline fuel. 

In the case of several engines the valve setting had to be 
changed before satisfactory operating conditions could be se- 
eured. In one case the preliminary tests indicated that the 
carburetor was too small for the engine. Some companies in 
such cases remove several balls from the auxiliary air valve, 
a practice which is followed by poor fuel economy of the 
engine. These experiences indicate the poor inspection and 
testing facilities prevalent with some manufacturers of trac- 
tion engines. 

In order to facilitate comparison of various types, the mo- 
tors tested were divided into the following groups, according 
to power developed at full load: I, 15 to 26 b.h.p. (motors H, 
J, K. L and M); II, 26 to 51 b.h.p. (D, E. F and G); ITI, 
over 51 b.h.p. (A, B and C). The average fuel consumption 
at different loads was then determined for groups I and III, 


and Table 2 computed. Group II is not considered in this 
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table, as the engines it comprises were not operated on kero- 
sene. 

Table 2 shows the advantages of the kerosene-burning en- 
gine. Considering Group I, with kerosene at 10 cents per 
gal. and gasoline at 20 cents, the cost with gasoline fuel will 
be 1.99 times that with kerosene fuel for the same power de- 
veloped. For Group III, the ratio will be 1.62 to 1 with prices 
of fuel the same. The advantages of the kerosene engine are 
offset to a greater or less degree, depending upon the operator, 
by the added trouble in handling. The life of the motor will 
also be somewhat shortened when using kerosene fuel. To this 
should be added the lower reliability with the heavier fuel. 
In some work done by traction engines reliability is the main 
factor. 

Due to the high price of gasoline new carburetors are being 
handle very 


torily, and eventually it will be used more as a fuel for trae- 


placed on the market whieh 


kerosene satistae 
tion engines than will gasoline. 

A study of the valve timing of the different motors in these 
tests shows no uniformity, except that the majority of the mo- 
tors are so timed that the inlet valve does not open until after 


the exhaust valve is closed. 


The timing given in Table 3 is 


offered as a result of the authors’ study and experience with 
traction engines. 

From Fig. 1 it is evident that several of the motors are not 
rated at the capacity for best efficiency. The motors repre- 
sented by tests G, H, K and M are underrated, E and J are 
overrated, while A, B, C and F are properly rated. 


THE RATIO OF THE SPECIFIC HEATS 
AND THE COEFFICIENT OF VISCOS- 
ITY OF NATURAL GAS FROM 
TYPICAL FIELDS 


BY ROBERT F. EARHART, COLUMBUS, OHIO 


Non-Member 


HE present paper may be considered an extension of a 
previous paper on the physical properties of natural 

gas.. The object of the study with which it deals was to secure 
measurements on the ratio of the specific heats and the coeffi- 
cient of 


viscosity of products similar to those previously 


studied in the Boyle’s Law tests. 

A knowledge of the ratio of the specific heats is necessary 
in computations involving adiabatic changes represented ana 
lytically by the well-known formula PV" 


constant, where 


n ratio of the speeifie heats. Physical tables give value 
of this constant for all of the common gases. The following 
values, taken from the tables prepared by the French 


Academy of Sciences in 1913, are for gases frequently found 
in our natural-gas produets. The results apply to pure gases 
in a dry condition. 


Air 


8 They ee 1.405 Methane .......... 1,318 
Nitrogen 1.410 Carbon Dioxide..... 1.300 
Carbon Monoxide... 1.400 DS nde tees wae 1.182 


Oxygen 1.398 


The composition of natural gas, while fairly constant for 
S . 


any field, varies greatly for different regions. The value for 


1 Professor of Physics, Ohio State University. 

2 Deviation of Natural Gas from Boyle’s Law, by R. F. Earhart and 
S. S. Wyer, read at Spring Meeting (April, 1916), Am.Soc.M.E. 

For presentation at the Annual Meeting of THE AMERICAN SOcIETY 
OF MECHANICAL ENGINEERS, New York, December 5 to 8, 1916. The 
paper is here printed in abstract form, and advance copies of the com- 
plete paper may be obtained gratis upon application. All papers are 
subject to revision. 
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n used by engineers is usually derived from the data supplied 
by indicator ecards ol vas compressors, Various assum) tio Ss 
in securing these values are made, and experience shows that 
different compressors operating on the same gas give different 
values. 

The methods employed in the present study involve no nm 
Met} ods 


commonly used on pure gases have been merely adapted and 


principles nor is originality of method claimed. 
utilized for securing appropriate and, it is hoped, accurate 
data on several of these complex natural products. Gas fron 
ten localities has been secured. Three samples are from Pen: 

sylvania, three from Ohio, two from West Virginia and two 
from Texas. In each ease there was made (a) a chemical 
analysis, (b) a density determination by direct weighing, (« 

a determination of n, and (d) a determination of the coeffi 


erent of viscosity. 


DETERMINATION OF THE RATIO OF SPECIFIC HEATS 
The classical method of Clement and Desormes for deter 


mining n, while exceedingly simple in theory and giving abso 
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Letting V(n) ratio of the specifie heats for air (gas) 
Did) density of air (gas) 

P pressure 
I (w) veloaty of sound in air (gas) 


e have the following ratio: 


| (NP/D) 


(np da) 
the velocity be determined in the two media at the same 


pressure, then 7 v “ , orn v d (where the 
' y ZB a 
density of the air equals unity). 

The experimental work resolves itself into comparing the 
density of gas with air at the same pressure and temperature 
and in comparing the velocity of sound in gas with that of air 
for this pressure. The latter comparisons were made by the 
isual method employed in laboratory investigations—that of 
Kundt, in which air or gas is set into longitudinal vibration 
inside a closed glass tube, and the nodal points of the result- 


ing stationary waves are indicated by the disposition of 


TABLE 1 DATA ON NATURAL GAS FROM TEN U. 8. FIELDS 


Chemical Analysis 


Sample 

COs Or CH C:He 
Air 
West Virginia, Ravenswood 0.0 0.0 82.0 17.5 
West Virginia Connecting Gas Co 0.0 0.0 86.1 12.1 
Ohio, Sugar Grove Field 0.0 0.0 82.4 6.2 
Ohio, Homer Field, Licking County 0.0 0.0 78.8 14.2 
Ohio, Vinton County Field 0.1 0.8 73.0 5. 
Penna., Trafford City 0.2 0.0 95.0 0.0 
Penna. Wet Gas, Ludlow East Branch Intake 0.0 0.0 66.4 34.6 
Penna. Dry Gas, Royston, Penna 0.1 0.0 74.4 21.8 
Texas, Beatty County 02 0.0 55.4 8 0 
Texas, Lone Star 0.1 0.0 50.0 10.0 


1 B.T.U. calculated on Bureau of Mines values for CHe (= 


lute values, does not afford satisfactory results for the reason 
that the adiabatic expansion assumed is not easily realized. 
This is the fundamental objection to the indicator-card method 
to which reference was made in an earlier paragraph. The 
most complete approach to adiabatic changes in gases is found 
in the transmission of sound waves. 

The velocity of transmission of a compression wave through 
V \V (E/d), 


V 


an elastic medium is given by the relation 


where V velocity of propagation, F elasticity of the 


medium, and d density of the medium. When the medium 


through which the disturbance passes is a gas, there are two 


cases: 


(1) An isothermal compression i 


which the previous 
relation becomes V V (P/d), where P and d are respect- 
ively the pressure and density of the gas; (2) an adiabatic 
relation becomes 


compression. In the latter case the 


= V/(nP/d), where n= ratio of the specific heats, the 
other symbols as before. In the transmission of sound waves 
through a gas the velocity of the waves is so great and the 
character of the medium such that adiabatic conditions are al- 
most perfectly realized. 

In order to compare the value of » for a gas with the value 
of n for air, we have to compare the velocity of sound in the 
two media under the same pressure conditions and to know the 
relative density of the gas to air. 


B.T.1 Coefficient 
per Ratio Relative of 
Cu. Ft. Density of Specific Coefficient Viscosity 
at 32 deg Air = 1.0) Heats, of in 
fahr. and n Viscosity C.G8, 
Ne 76 cm.) Units 
1.000 1.405 1.000 178 x 10% 
0.5 1200 0.682 1.238 0.770 137 x 1078 
1.8 1143 0.660 1.214 0.730 130 x 107° 
11.4 992 0.660 1.209 0.750 133 X 1078 
7.2 1099 0.690 1.210 0.735 131 x 1078 
20.3 885 0.666 1.259 0.750 133 X 1076 
4.9 1012 0.585 1.285 0.710 126 xX 10°" 
0.0 1351 0.755 1.293 0.760 135 xk 1076 
3.7 1198 0.678 1.220 0.750 133 xX 1078 
36.4 739 0.755 1.290 0.820 146 X 108 
39.9 718 0.770 1.224 0.830 147 X 10°8 


1065) and CsHs ( = 1861). 
lyeopodium powder previously introduced. The distance be- 
tween nodes equals a half wave length. In a 5-ft. tube 10 or 
12 nodes may be distinctly observed, and these may be meas- 
The relation between 
Also, 


provided m is not altered by temperature or by displacements 


ured to within an accuracy of 1 mm. 
velocity V, frequency m, and wave length | is V = Im. 
of apparatus, V/l,;; m v/l.., Which, substituted in the 
final equation ¢ 


f the preceding parapraph, gives 


(lair) 


The following data from the record illustrate the application 
and indicate the magnitude of the quantities involved. The 


value of N for air is taken as 1.405. The results here com- 


—_" 


puted appear again in Table 


May 4, 1911. 

Gas from the Geo. Secest farm, Vinton County, Ohio. 
Tank filled at 200 Ib. gage pressure. 

Temperature, 20 deg. cent. Barometric pressure, 29.25 in 
To determine density, 


Weight of glass bulb exhausted = 146.370 grams 


Weight of glass bulb filled with gas = 146.750 grams 
Weight of glass bulb filled with air = 146 946 grams 
Weight of gas = 146.750 — 146.370 = 0.380 gram 
Weight of air = 146.946 — 146.370 = 0.576 gram 
Relative density = 0.380/0.576 = 0.666 
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DETERMINATION OF WAVE LENGTHS forced through a long capillary tube. The rate of flow is a 
function of the coefficient of viscosity and is determined by 


means of the formula’ 








Tube Contains Gas Tube Contains Air Tube Contains Gas (Pa Pe ) k* 
| : 
16 CL». 
Nodal Nodal Nodal | volume of gas passing through the capillary 
points on Half wave points on Half wave points on Half wave ‘ : F 
meter length meter length meter length per unit time 
stick stick stick pa and p, pressure of gas before and after escape 
ee ea 1 arya R “4 s ‘apillar 
77.4 cm. 8.5 cm. 85.6 cm. 7.3 cm. 84.6 cm. 8.6 cm : radiu ol : ipillary 
68.9 8.6 77.7 7.3 76.0 8.5 ( coeflicient of viscosity 
60.3 8.6 70.4 7.4 67.5 8.5 } leneth of tube. 
51.7 8.2 63.0 7.4 59.0 8.5 j ? ; 
42.5 8.5 55.6 7.4 50.5 8.6 A consideration of this formula shows that if equal volumes 
4.0 5-6 46.2 1.3 41.9 5.5 of two gases under similar pressure and temperature condi 
25.4 8.5 40.9 7.2 33.4 8.6 . ‘ : 
16.9 8.5 35.6 7.3 24.8 8.5 tions are passed through a long capillary tube, the coefficients 
8.4 8.4 26.2 7.5 16.3 8.5 of viscosity are in the ratio of the times of efflux. The value 
0.0 — 18.7 7.3 7.8 , =. yal : 
» enefiicie air has been care studied during the 
Av. 8.40 14 72 ay, 8.58 of the coefficient of air ha been carefully studied durin the 
4.2 past ten years on account of its Importance m certain electrical 
Av. 7.34 measurements. Calling C, (C,) the coetlicient of viscosity of 
————— : the gas (air) and ¢, (¢,) the time of transportation for the gas 
Half wave length in gas = (8.49 + 8.53)/2 = 8.51 cm. (air), 
l, 
= (17.02)?\ . eee _ " . C 
7 = 1.405 & (4 = xX 0.666 1.259 - a te 
It was customary to make three measurements with dry air, 
In obtaining the data just given, gas was taken directly then a series of three measurements on the gas, to be fol 
from the sampling tank without drying or processing of any lowed by one or two additional measurements on air. 
kind. An experiment was made upon one sample both in the The chemical analyses were made in the Mines Laboratory 


raw state and after passing through a calcium-chloride tube to of the Ohio State University by Mr. FE. ©. Smith. 
remove water vapor. The density and wave-length measure- 

ments were modified by this, but when combined in the for SUMMARY 

mula for determining n the result was changed by less than o 
one-half of one per cent, which is about the limit of accuracy lo eeneruneetts 
of the experiment. The value of n found for the raw gas was “ Determinations of the exponent » in the expression for 
1.259: for the dried gas it was 1.257. adiabatic change P|" = constant have been made on ten 
samples of natural gas. The lowest value obtained was 
DETERMINATION OF THE COEFFICIENT OF VISCOSITY 1.209, the highest 1.293. The maximum variation from 


= i 5 ily i a ' ;, the mean value (1.243) is 4 per cent. 
rhe coefficient of viscosity is used in computations involv- a : J 
. , , > ° a b Determinations of the coefficient of viscosity give values 
ing the flow of gas through pipes of considerable length. Two ; ns gio aN 

: cays . ranging from 126 « 10~ to 147 « 10°" C.G.S. units. 
methods are commonly employed for determining this con ; 


7? > , 7 M ce + rectioati rac ic ¢ ’ 
stant. In the method used in this investigation gas is slowly | For derivation, see Wiillner, Lehrbuch der Physik, vol. 1, p. 629 


TEXTILE PAPERS 


HE work of the Sub-Committee on Teztiles is devoted to securing papers upon the mechanical 
engineering and allied features of the textile industry. The Sub-Committee contributes three 
important papers to the Annual Meeting this year, one of which, bearing upon the heating of mill build 
ings, is published below. 
HEAT TRANSMISSION THROUGH VAR- _ through them is a very important matter. Indeed there may 
IOUS TYPES OF SASH AND THE CAUSES be a question in certain plants whether the window area is 
as Ws sha 4 £ » 4% 
i" sRgecoee : shail pee not carried to excess—that is beyond a point where increased 
AND PREVENTION OF INTERNAL CON- 
DENSATION IN DOUBLE-GLAZED authentic data on the relative heat loss through various types 


SASH of sash, these experiments were conducted by Mr. W. S. 
Brown, under the writer’s direction, to enable us to logically 
By ARTHUR N. SHELDON, PROVIDENCE, R. I. design and proportion the fenestration of industrial buildings. 


Member of the Society 


N the industrial plant of today, where there is so much 
emphasis placed upon maximum daylight, exterior wall 
surfaces consist principally of windows, and the heat loss 


DESCRIPTION OF APPARATUS 


The sash tested were of such a size as completely to fill an 
For presentation at the Annual Meeting of THE AMERICAN SOcIETY 


. 93/, ; : 
OF MECHANICAL ENGINEERS, New York, December 5 to 8, 1916. The as & the face of a test box 4 ft. 25% in. wide by 7 ft. 


paper is here printed in abstract form and advance copies of the com- 91% in. high, the test box bein , oo . 
plete paper may be obtained gratis upon application. All papers are ‘3 8 box bei g 1 ft ™ deep The box was 


subject to revision. constructed of 2-in. tongued and grooved white pine, covered 





daylight warrants the increased heat loss. In the absence of 
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with 2-in. cork boards and made airtight. Wool felt 1 in 
thick was placed between the edge of the test box and the sash 
to reduce air leakage to a minimum. The box rested on two 
gypsum blocks as shown in Fig. 1. 

The test box being set up on end, an electrie heater was 
placed in the bottom. The heater consisted of six sets of 
resistance wire strung horizontally, and arranged so that, be 
ginning at the bottom, the first two coils might dissipate ap 
proximately 0.25 kw. each of electrical energy, the next two 
0.50 kw. each, and the uppermost two 0.75 kw. each. The 
switching arrangement was designed to give a total capacit 
of 3 kw., obtainable in successive stages of Ye kw. each. Fi 
2 shows the arrangement of the heater and the 14-in. asbestos 
board plates, 15 in. high, which were fastened against th 
lower frame of the heater to prevent direct radiation of heat 
to the lower panes of glass. 

Air temperatures within the box were recorded by twelv 
thermometers, arranged opposite the various panes of glass, 
and giving a fair average of the internal temperatures. Thx 
total average temperature was obtained by averaging the it 
dividual temperatures behind each horizontal row of panes 
The Fahrenheit long-seale chemical thermometers used pro 
truded about 7 in. through the back of the box and its cover 
ing, and were tested for aceuracy before and after the experi 
ments, 

Air temperatures outside the box were observed by means 
of an accurate wall thermometer, registering maximum and 
minimum temperatures. A thermostatically controlled steam 
radiator maintained a constant temperature outside. Two ele« 
tric fans directed currents of air against the test box at a 
angle of 30 deg., and provided a positive and constant circula 
tion over it. While it was not possible or necessary to repro 
duce actual wind conditions, 114% mi. per hr. for New England 
during the heating season, anemometer readings during tli 
tests showed that the conditions obtained were not far from 
the average to be expected. Vertical baffles protected the 
back and sides of the box from the air currents. 

Measurements of electrical energy converted into heat were 
obtained simultaneously by means of two meters, the first a 
standard indicating wattmeter, accurate within 14 of one per 
cent, and compensated for temperature changes, and the 
other a standard service watt-hour meter, installed and ad 
justed by the service company furnishing the power. 

The humidity of the air was kept as constant as possible 
throughout the series of tests by means of water-saturated felt, 
and was measured by a wet- and dry-bulb hygrometer. The 
humidity remained constant during the period of each indi- 
vidual test. 


METHOD OF CONDUCTING TESTS 


The average temperature of New England during the heat- 
ing season being 36 deg. fahr., it was decided to make tests 
at a room temperature corresponding to 76 deg., or a tempera- 
ture difference of 40 degrees. For greater accuracy, and to 
obtain the transmission rate in colder weather, there were 
tests made at 70 deg. temperature difference as well. 

To determine what amount of heat was transmitted through 
the sides and back of the test box, blank runs were made in 
which the opening in the face of the box was closed by mate- 
rials of which the box itself was made. These tests were 
run very carefully over an extended period of time (at leasi 
18 hr.) to make sure that all conditions had become constant, 
after which hourly readings were taken for eight hours. The 


temperature difference during the run did not vary more than 
1 deg. fahr. The fans were not in operation during the blank 
run tests, as the object was to determine the rate of transmis 
sion through the box and covering under the conditions of the 
test; still air on top, sides, back and bottom. In order to re 
duee any slight error due to a possible change in conductivity 
of the box itself during the experiments, tests were run to ob 
tain these constants at 40 deg. to 70 deg. heat head both be 
fore and after the series of sash tests. It was found that a 
slight increase oceurred due evidently to shrinkage and warp 
ing of the boards. 

Sash tests were conducted in the same manner, except that 
the fans were put in operation. In each separate test, the 
watt-hour meter was calibrated for the load by timing it for 


ten minutes with the instantaneous meter and counting the 
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Fig. 1 Sasu in Front or Test Box 


revolutions of the disk. During all tests, a careful record 
was kept of the panes of glass on which condensation oceurred. 


COMPUTATIONS OF TESTS ON HEAT TRANSMISSION 


The heat transmission through the sash has been worked out 
and expressed on the basis of B.t.u. transmitted per 24 hr. 
per deg. fahr. per sq. ft. of opening, and is designated in the 
formula following as H, whence 


H =(L—1)/ad [1] 
where 
L total heat loss through test box and sash in B.t.u. 
per 24 hr. as computed from wattmeter meas- 
urements 


| = heat loss in B.t.u. per 24 hr. through top, bottom, 
back and sides of test box, as determined from 
blank run and corrected for actual temperature 
difference during test 
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a = area of opening filled by sash = 33 sq. ft. 
d = temperature difference throughout test 
L is found from the formula 
L =(w X 3412 K 24)/t [2] 


\ 


~ 


where 
w = electrical energy dissipated in heater as measured 
in kilowatts at average temperature d 
t duration of test, hours 
3412 = the equivalent of 1 kw. in B.t.u. 
In the same manner 7 is found from the blank-run tests by 
the formula 
l= R(w X 3412 & 24)/t [3] 
where 
R = the ratio of the top, bottom, sides and back of the 
box exposed during the sash tests, to the total 
area of the box, or that exposed during the 
blank run. As noted above, / should be taken 
at the same temperature as L by interpolation 
from the known results if necessary. The other 
terms have the same meaning as above. 


DESCRIPTION OF THE SASH TESTED 


Tests were conducted on the following 
sash, all without ventilators. The word “ 


seven samples of 


pane” refers to a 





Fic. 2 


INTERIOR OF TEST Box, SHOWING THERMOMETERS AND 
THREE ASBESTOS PLATES 


single sheet of glass, whereas “light” refers to a section of 
sash, or, in the ease of double-glazed sash, two panes and the 
air space. 

Sample No. 1 was standard single-glazed, solid, rolled-steel 
sash of 20 panes, each approximately 12 by 18 in., arranged 4 
wide by 5 high. The panes were 14-in. rough wire glass. The 
sash bar section was 1% in. deep, the glass being bedded on 
the front side and puttied from the inside, the putty having a 
good half-inch body. The exposed glass area was 28 sq. ft., 
or 85 per cent of the total. 

Sample No. 2 was a double-glazed, solid, rolled-steel sash 
of same size and arrangement of lights as Sample No. 1. The 
outside panes were ¥-in. factory ribbed glass (ribs inside) 
and the inside panes were single-thick plain glass separated 
from the former by a galvanized-iron channel separator, mak- 
ing a 3/16-in. air space. The sash bar was 1% in. deep, the 
outer pane being bedded on the outside and the inner pane 
put on with a good 44-in. body of putty. 
done from the inside. 

Sample No. 3 was a double-glazed, solid, rolled-steel sash 
of the same make, size and arrangement of lights as Sample 


The glazing was 
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inside panes being single-thick plain glass, separated from 


The outside panes were 14-in. rough wire glass, the 


the former by a galvanized iron channel separator, making a 


34-in. air space. The sash bar was 2%¢ in. deep, the outer 
pane being well bedded on the outside with a 11/16-in. body 
of putty. The glazing was done from the inside. 


Sample No. 4 was an ordinary double-glazed wood sash, of 
The 


outside panes were 14-in. rough wire glass, the inside being 


same size and arrangement of lights as Sample No. 1. 


double-thiek plain glass separated from the former by a %- 
The 


bars being 5/16 in. 


in. alr space. sash was made of 


134-in. stock, muntin 
The outer panes had a 5/16-in. body of 
putty and the inner panes 1-in. body, bedded. 
done from both sides. 


Glazing was 
Sample No. 5 was a single-glazed wood sash of the same 
size and arrangement of lights as Sample No. 1, and was 
obtained from No. 4 by taking out the inside panes of plain 
glass. 


Sample No. 6 was a double-glazed, hollow metal sash. 


The 
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Fig. 3 Various TRANSMISSION Rates, H, rrom TESTS 
lights were made larger than those of Sample No. 1, being 
1414 in. by 21 in. and arranged three wide and four high. 
The outside panes were 14-in. rough wire glass, the inside be- 
ing single thick, plain glass, separated from the former by a 
34-in. air space. The exposed glass area was 23.5 sq. ft., or 
71.5 per cent of the total. The sash bar was 2} 
Muntin bars were 134 in. in external width. The outer panes 
were bedded to the outside and the inner panes were bedded 
to both sides. 


@ in. deep. 


Sample No. 7 was a single-glazed, hollow metal sash, of the 
same arrangement of lights as Sample No. 6, being obtained 
from it by removing the inside panes of plain glass, together 
with the galvanized-iron-formed sections which held them in 
place. This left the muntin bars 1% in. deep. 


“~ 


RESULTS OF TESTS 


A résumé of the comparative heat-transmission rates, H, of 
formula 1, as deduced from the tests, is given in Tables 1 


and 2. 


The results of the tests have been plotted in the form of 
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curves (Fig. 3). It will be noted that the rate of transmis 
sion increases with the temperature difference, and that there 
is a greater increase for the single- than for the double-glazed 
sash. 

To ascertain the cause of the much greater heat-transmis 
sion rate through solid steel compared with wood and hollow 
metal sash, a thermometer was inserted in a chamber in a 2-in 
cork board, which, in turn, was placed against the bars of th 
sash. These tests showed that for a given temperature differ 
enee the steel bars were hotter than the wooden, and by 
greater conductivity constituted a direct path for the trans 
heat to The 


warmer than cooler than 


mission ot the outside. hollow steel sash bars 


were the wood, but the solid 


The steel bars also serve to increase the temperature of the 


) 
steel 


air in the same space between panes in the double-glazed 
sash, and hence increase the transmission rate through the 
panes. 


TYPICAL PROBLEM IN RELATIVE 


COSTS 


In order to emphasize the practical application ot these ex 


periments, a typical problem is given. In the design of rei 


foreed-conerete buildings there arose the question whether to 


single- or double-glazed steel The 


use 


sash. following data 


apply to the problem : 


Wall openings to be glazed......... 7,800 sq. ft 
Average inside temperature, heating 

errr . 70 deg. fahr. 
Average outside temperature, heating 

SONNE 6 keV 5 avceee tensa eas . do deg. fahr. 
Average temperature difference, 70 5 

ce cia a din werasnie lapis kes 35 deg. fahr 
Heat delivered from steam plant pet 

OE Ge MS vaca he akks hawetewe 8500 B.t.u. 
Length of heating season.... 4850 hours 
Cost of coal per 2000 Ib........ $4.00 


Assumed 


plant per square foot of heating sur 


cost ot hot-water heating 
face, including heater, based on 10 


outside temperature,...... $0.60 


Proposition A, 


sinale-qlazed steel sash. From the tests, H 
at 35 deg. fahr. 27.7 B.t.u. per degree difference in ten 
erature per square foot per 24 hours. 

Comparative yearly coal bill *...........02.00.:. $1,750.00 


Comparative initial investment cost of sash erected. 15,600.00 


Cost of heating system to supply heating loss only, 


based on 18,400 sq. ft. at $0.60 11,040.00 


Total 


a ere $26,640.00 


Proposition B, double-glazed steel sash i6-in. air space. 
From the tests, H at 35 deg. fahr. == 22.3 B.t.u. per degree 
difference in temperature per square foot per 24 hours. 
Comparative yearty coal ball... ...ssccceccesecers $1,410.00 


Comparative initial investment cost of sash erected. 21,000.00 


= 


‘ost of heating system to supply window loss only, 


based on 12,800 sq. ft. at $0.60.............. 7,680.00 
ee II, on 6 vb 5 6a bRwR Od 6 ee $28,680.00 
Proposition C, double-glazed steel sash, 3/4-in. air space. 


From the tests, H at 35 deg. fahr.—20 B.t.u. per degree 


difference in temperature per square foot per 24 hours. 
? $4.00 x 37,800 sq. ft. x 27.7 B.t.u. x 4850 hr. x 35°F. 


- $1750.00 
20001Ib, x 24 hr. x 8500 B.t.u 
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rABLE 1 HEAT-TRANSMISSION RATES AT APPROXIMATELY 40 DEG. 
FAHR. TEMPERATURE DIFFERENCE 

Actual H Com- H Cor 
Heat puted rected to Rela 
Head, at Actual 40 Deg tive Condensation 
Sample Deg Heat Fahr Humid 
Fahr Head Heat t 
Head 
1 Single-glaz 1 
ster 14 29 28 N 
2 Double-glazed 
1 st 4 
ur spac 7.4 2 1 20 ; 
Double azed 
id tor 
air space 57 22.8 22 .& 43 Ver ght or 
pace side 
vuteside 
pane and box 
4 Dout glazed 
w“ I i 
space 17 t.2 
Sing glaze 
x | 41.2 25 ¢ 44 H 
( ID t giazed 
hollow t " 
4 i pa 5.9 4 2 | . 1ir-space 
ne of 
7 Sing ized |} 
Ww meta 16.0 27 2t ; \ 
TABLE 2 HEAT-TRANSMISSION RATES AT APPROXIMATELY 70 
DEG. FAHR. TEMPERATURE DIFFERENCI 
Actua iH iH ¢ 
Heat 4 i t Rela 
Samy Head Actua 70 Deg ( satior 
D Hea Ia H 
Fa Hea Heat 
Hea 
No. 1. Single-glazed sol 
id steel 73.9 44g 3 os 4 
No. 2 Double-glazed s 
id steel ; 
Air space 76.8 Pe s 21.¢ ’ panes 
i 20) show 
ture on 
N 3 Dout glazed s 
id stee -ir 
Air space 76.0 24 24 0 pane 
air- 
} le; one 
pa 
howed mois 
t box 
| ree 
gi howed 
hot) 
No. 4! Double - glazed 
wood, %-in. air 
space...... 79.8 15.5 15.1 $1 N 
No. 5 Single - glazed 
wood 67.6 28 .9 29.3 29 12 ghts 
No. 6 Double - glazed 
hollow metal 
*4-1N. alr space 75.6 16.6 16.4 36 On air-space side 
of on itside 
par 
No. 7 Single-glazed hol- 
low metal 77.7 30.5 29.7 25 All 


1A test upon this same wood sash with the inside single-thick plain glass sub- 
stituted for the double-thick showed an increase in H of 3 per cent at 70 deg. fabr 
temperature difference 
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Comparative yearly coal bill.................006. 
Comparative initial investment of sash erected 
Cost of heating system to supply window loss only, 

based on 11,500 sq. ft. at $0.60 


$1,260.00 
hosed 25,750.00 
iindeeee cen eon 6,900.00 


Total investment.......... cratic ate wine . $32,650.00 


Krom Table 3 it is evident that an investment of $2040.00 
for B over that for A would result in an annual saving of 
$340.00 worth of coal, or 17 per cent gross on the additional 
investment. Also, an additional investment of $6010.00 for C 
over that of A would result in an annual saving of $490.00 
worth of coal, or only 8 per cent gross on the additional in- 
vestment. The choice, therefore, lies between A and B; and 
whether or not B should be preferred will depend largely upon 


__ TABLE 3 SUMMARY OF RESULTS 











| | 
Initial Expenditures 


Yearly 
Coal Bill 
$1,750.00 $15,600.00 
1,410.00 21,000.00 
1,260.00 25,750.00 


Heating 


Sash System Total 





$26,640.00 
28,680.00 
32,650.00 


$11,040.00 
7,680.00 
6,900.00 


Proposition A..... 
Proposition B.... 
Proposition C... 


what earning the owners expect to make upon their other in- 
vestments. It should be emphasized here that with a different 
unit cost of coal, a warmer or a cooler climate, or a different 
heating system, the conclusion might be changed entirely. 


INTERNAL CONDENSATION IN DOUBLE-GLAZED SASH 


Where condensation occurred in the air space, it was always 
on the outside pane of glass which of course was the cooler one. 
The wood sash showed none, but it was very marked in the 
solid steel, and not noticeable in the hollow metal sash. To 
determine, if possible, the cause for this condensation, holes 
were bored in some of the lights of the solid steel sash which 
Each 


light was then tested by blowing smoke into the hole, and some 


had shown condensation, and in some which had not. 


were found to leak considerably, some to adjacent spaces, 
others to front or back, and a few showed combinations of 
these conditions. It was observed that where condensation was 
evident, the greatest leakage was to the inside of the box, 
and that where there was no condensation, the greatest leak- 
age was to the air outside the box. 

Following this elue, the entire sash was reglazed, and holes 
bored in seven of the outer panes, and in five of the inner 
panes. Free communication was thus established either to the 
external cool air or to the warmer air inside the test box. 
Each pane of glass opposite those with holes was carefully 
bedded to confine and control the air leakage to the side hav- 
ing the hole. Smoke tests before and after each run showed 
that the desired object had been attained by this means. The 
remaining eight lights were made as air tight as possible on 
both sides by careful bedding and setting. The sash was then 
placed on the front of the box as in the previous tests, the 
temperature raised to about 70 deg. fahr. above that of the 
surrounding room, and records were kept as before of tem- 
peratures, relative humidity, and condensation, this being al- 
lowed to accumulate for a period of at least eighteen hours. 
The relative humidity in the test box was maintained at 40 
per cent, and that of the air outside varied from 60 to 90 per 
cent, apparently having little effect upon the results. 
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A careful examination of the sash showed uniformly the 
following results: 


a Lights in which the air space opened to the outside or 


cooler air only showed no condensation. 


b Lights in which the air space opened to the warm air 
inside the box showed much condensation. 


The sash was then reversed with its outer side toward the 


interior of the test box and, 


after a test of three days, 
examination showed that the air spaces in which there had 
been condensation during the previous test were now dry, 
while abundant condensation appeared in those which showed 
none in the first test. It was also discovered that by varying 
alternately the temperature in the test box, the processes of 
condensation and drying could be accelerated. The experi- 
ment on the reversed sash, therefore, confirmed conclusions a 
and b above. 

The explanation is simple. 


Changes in temperature on 


either side of the sash cause corresponding, though less 
marked, changes in the temperature of the air space. The 


pressure of the confined air, therefore, becomes more or less 
than atmospheric and air is correspondingly either forced out 
or admitted through the drilled holes, and, if the temperature 
difference is alternately increased and decreased, a breathing 
action obtains in .the air similar action occurs 
through leaks in actual practice and is due to variations in 


temperature. 


space. <A 


Air entering an opening of this kind from the inside, 


ing as it does from the warm interior of the test box or build- 


com- 


ing, becomes chilled, condensation necessarily appearing if the 
cooling is carried below the dew point. Breathing, or a repe- 
tition of this process, necessarily results in a gradual aceumu- 
lation of condensation. 

Conversely, air entering an opening of this kind from the 
outside becomes heated and its relative humidity is correspond- 
ingly decreased, making impossible the precipitation of any 


moisture. 


CONCLUSIONS 


Condensation in the air space of double-glazed sash can be 
eliminated almost entirely by connecting the air space directly to 
the outside air, and at the same time effectively sealing it from 
the entrance of warm air within the building. In attempting 
the design of a double-glazed sash according to these prin- 


ciples, it is suggested that the following points be considered: 


hole, to 
prevent a direct loss of heat by convection from the air 
space. 


a The opening should be very small, say a %¢-in. 


b The location of the breathing hole is immaterial, except 
that 
preferable. 


a consideration of heat economy makes the bottom 


ce The breathing hole should be protected from the weather 
and dirt. 


d A high-grade, elastic putty should be used. On account 
of wind pressure, difference of expansion between steel 
and glass (about 65 per cent), careless setting, ete., abso- 
lute sealing of the inner panes probably will not be ae 
complished. However, these tests show that a sufficient 
degree of tightness can be obtained, and that the larger 
part of the breathing will oceur through the opening made 
for this purpose. 


e Leaks between air spaces should be eliminated. 





























NOVEMBER 


1916 SAFETY 


STANDARDS FOR CRANES 


S95 


INDUSTRIAL SAFETY PAPERS 


HE Sub-Committee on Protection of Industrial Workers has this year received an important proposed 


code for safeguarding industrial risks which it will present for consideration and discussion at the 


Annual Meeting. 


prepared by committees of thirty-six representative 


PROPOSED CODE OF SAFETY STAND- 
ARDS FOR OPERATION OF CRANES 


For the Consideration of the Sub-¢ ommittee on Protectio 
of Industrial Workers of the American Society ot 
Mechanical Engineers 


Caution: Employees shall not remove or make ineffective 


any safequards while same are in use, ¢ reept for the purpose 


of makina renairs. and such safequards so removed shall 


re pla é d. 


HE following Standards apply to cranes which are regu 
T larly used in and form part of a permanent industria 
plant. In addition to Electric Traveling Cranes, these regula 
tions are to cover Jib Cranes, Monorail Cranes, Hand-Power 
Cranes, and other hoisting apparatus of a similar nature, i 
so far as the various sections apply. 

The provisions of all Safety Standards issued by the Society 


shall’ apply to all matters not specifically covered herein. 
ELECTRIC TRAVELING CRANES 
GENERAL CONSTRUCTION 


shall be all 


parts subject to impact and rough usage. Journals and shafts 


1 Proper for strength made for 


provisions 


shall be of sufficient size to bring pressure within safe limits 
2 All shall 


with not less than the following factors of safety under stativ 


apparatus hereafter be designed througho 
full rated load stresses, based on ultimate strength of materia 
used : 

a All gears, and complete hoisting mechanism, factor o! 

not less than eight (8). 
») All other parts, factor of not less than five (5) 
> Caleulations for wind pressure on outside eranes shall 

be based on not less than thirty pounds per square foot otf 
exposed surface. 
what 


4 ( ranes should be oft Is known as * All Steel (on 


struction ;” no cast iron should be used except for such parts 


as drums, bearings, brackets, ete. No combustible material 


should be used. 

5 All bolts should be of the through type, and be equipped 
with approved lock nuts or lock washers. 

6 Where access to the crane is necessary, steps or stairs 


with hand rails should be used. 


7 Platforms should be provided for changing and repairing 
truck wheels on end trucks and provided with stairways lead- 
ing to them. 

8 A platform or footwalk to give aceess to erane shall be 
provided accessible from one or more fixed ladders or stair 
ways, and shall be not less than twenty (20) inches in width. 

9 A footwalk shali be placed along the entire length of 
bridge on the motor side except when the construction of the 
crane prevents or when such platform would not ordinarily be 

‘The word “ SHALL” where used is to be understood as mandatory 
and * SHOULD ” as advisory. 


For presentation at the Annual Meeting of Trt 


AMERICAN SOCIETY 
OF MECHANICAL ENGINEERS, New York, December 


5 to 8, 1916 


The subject of this code is Safety Standards for thi 


Operation of Cranes, and it has heen 


jentlemen and ¢ ompanies. 


ised for the repair or maintenance otf crane, a d should be at 
east six feet six inches (6’ 6’) below the bottom of the over- 
ead trusses. 

10 Footwalks should be placed across the ends of the 
trolleys at right angles to the bridge walks and shall be not less 
than twelve (12) inches i dt] 

1l Footwalks shall be of substantial constructio rigidly 
braced. 

12 On cranes hereafter erected no openings ill be per- 
nitted between bridge footwalks and crane rader When 
yire mesh 1s used the mesh opening must not be greater than 
one-half (1%) inch. 

13. Each footwalk shall have a standard metal railing and 
toe guard at all exposed edges wherever practicable 


inches actual clearance should 


14 Not less than twelve (12 


he allowed between highest point ot erane al d ove rhead 
trusses, and not less than two (2) inches between any part of 
crane and building, column, or other stationary structure. 


parallel there 


Where there are more than two crane runways I 


should be a clearance of not less than twenty-four (24) inches 
between the extremities of the cranes. 

15 Means of escape shall be pro ided tor operators of hot- 
metal cranes. 

16 Operator’s cage shall be located at a place from which 


signals can be clearly distinguished and be securelv fastened 


in place and be well braced, to minimize vibration. It shall be 


large enough to allow ample room for the control ea uupment 


and the operator. The operator shall not be required to step 


over an open space of more that eighteen (18 ncehes when 


entering or leaving the crane. 


A pail filled with sand or an approved fire extinguisher 


shall be carried in the crane cage tor use in ease of fire. 


17 An approved foot- or hand operated rong or other ettee- 


tive warning signal shall be location convenient 


placed in a 
to operator and be securely fastened. 

18 Ladle and other cranes subjected to heat from below 
should have a steel-plate shield not less than one-eighth (4%) 
inch thick and placed not less than six (6) inches below the 
bottom of floor of 
19 The cages of 


resisting 


cage, 


eranes hereafter erected shall be of fire- 


construction, 
2 ~All gears on cranes hereafter shall be 


This 


erected provided 


with standard guards. should apply to all existing 


cranes where practical. 

21 No overhung gears shall be used unless provided with an 
effective means of keeping them in place, and keys shall be 
secured in an approved manner to prevent working 


gears 


loose. 

22 Unprotected keys shall not be left projecting from 
ends of shafts. 

23 The construction of the erane shall be such that all 


parts may be safely lubricated when the crane is not in op- 
eration. 

24 The installation of switchboard, wiring and all electrical 
equipment must fully comply with the Industrial Board Stan- 
dards. 

25 There shall be a main-line switch or its equivalent so 
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arranged as to cut off all power from crane, and so constructed 
that it may be locked in its open position. 

26 Open-type controllers shall have asbestos-lined steel 
guards over the movable contact parts, both to protect oper- 
ator’s eyes and prevent articles falling on contact parts. 

27 An approved hoist-limiting device, should be provided 
for each hoist. 

28 Suitable brakes shall be provided for the hoist and 
bridge travel. Each hoist shall be equipped with effective 
brakes which shall be capable of sustaining at least one and 
one-half (114) times the full rated load. 

29 The drums on cranes hereafter erected shall have a 
flange at each end to prevent the ropes from getting off the 
drum, and be so designed that there will be not less than two 
full wraps of hoisting cable in the grooves when hook is at 
its lowest position. 

30 Hook block shall be of a type so arranged that it will 
lift vertically without twisting. 

31 Bottom shall be protected by 
guards, to prevent rope from becoming misplaced. 

32 Crane bumpers shall be provided and shall be at least 
one-half of the diameter of the truck wheel in height. Both 
truck wheel and trolley bumpers should be fastened to the 
girder and not to the rails. 


sheaves close-fitting 


Bumpers shall be built up of 
plates and angles, or made of cast steel. 

33 Truek fenders shall be installed which extend below top 
of rail and project in front of all bridge and trolley track 
wheels, and shall be attached to trolley or bridge and frame. 
They shall be of a shape and form that will tend to push 
and raise a man’s hand, arm or leg off the rail and away 
from wheel. 

34 Heavy safety lugs or brackets shall be placed on trolley 
frames and bridge end carriages, to limit drop to one ineh or 
less if a wheel or axle should break. 

35 <A eapacity plate showing the maximum capacity of 
each hoist in pounds shall be placed on each crane girder in 
such a manner as to be clearly legible from the floor. 

36 <A metal tool box or receptacle shall be permanently 
secured in the cage or on the runway for the storing of oil 
cans, tools, ete. 

37 Trolley should be completely floored. 

38 Cranes in outside service shall have-the following addi- 
tional provisions: 

a Floors of footwalks to be so constructed as to provide 

proper drainage. 

b Cage shall be enclosed and of fire-resisting construction; 
there shall be windows on three sides of cage; windows 
in front and side opposite door to be full width of cage. 

c Floor of cage on outdoor cranes should be extended to an 
entrance landing which shall be equipped with handrail 
and toeguard of standard construction. 

d Where there are no members over crane suitable for at- 
taching blocks for repair work, a structural-steel out- 
rigger should be arranged on the crane of sufficient 
strength to lift the heaviest part of the trolley. 

39 All gantry cranes should be equipped with automatic 

warning signals. 

40 The truck wheels of gantry cranes shaH be provided 
with guards or fenders. 


OPERATION OF CRANES 
RULES FOR OPERATORS 


1 Cranes shall be operated only by regular crane operators, 
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authorized substitutes, crane repairmen or inspectors; no one 
else should enter crane cage. 

2 Hands shall be kept free when going up and down 
ladders. Articles which are too large to go into pockets or 
belts should be lifted to or lowered from crane by hand line 
(excepting where stairways are provided). 

3 Cages shall be kept free of clothing and other personal 
and other 


articles necessary in the crane eage shall be stored in a tool 


belongings. Tools, extra fuses, oil cans, waste 
box, and not left loose on or about crane. 

4 Operator shall familiarize himself fully with all crane 
rules and with the crane mechanism and its proper care. If 
adjustments or repairs are necessary, he shall report the same 
at onee to the proper authority. 

5 Operator should not eat, smoke or read while on duty 
nor operate crane when he is physically unfit. 

6 Operator or some one specially designated shall properly 
lubricate all working parts of crane. 


7 Cranes shall be examined daily for loose parts or defects. 


e 2) 


Cranes shall be kept clean. 

9 Operators shall avoid, as far as possible, carrying loads 
over workmen; it must be absolutely avoided when carrying 
molten metal or with magnet. 

10 Whenever 


open, he shall not close it, even when starting on regular duty, 


operator finds main or emergency switch 
until he has made sure that no one is on or about the crane, 
and shall not oil or repair crane unless main switch is locked 
open. 

11 Before closing main switch, operator shall make sure 
that all controllers are in “ OFF ” position. 

12 If power goes off, operator shall immediately throw all 
controllers to “OFF” position until power is again available. 

13. Operator should not reverse a motor until it has come 
to a full stop, except to avoid accidents. 

14 Operator shall pay special attention to the block when 
long hitches are made, to avoid tripping limit switch or run- 
ning block upon the drum. 

15 Operator shall recognize signals only from the one man 
who is supervising the lift. Operating signals should follow 
an approved standard; they should be manual, never verbal. 
Whistle signals may be used where one crane only is in oper- 
ation. 

16 Before starting to hoist, operator shall place trolley 
directly over the load to avoid swinging it when being hoisted. 
This precaution is especially important when handling molten 
metal. 

17 Operator shall not make side pulls with crane except 
when especially instructed by proper authority. 

18 When handling maximum loads, particularly ladles of 
molten metal, operator shall test hoist brakes after load has 
been lifted a few inches; if brakes do not hold, load should be 
lowered at once and the brakes adjusted or repaired. 

19 Bumping into runway stops or other cranes shall be 
avoided. When operator is ordered to engage with or push 
other eranes, he shall do so with special care for safety of 
persons and eranes. 

20 When lowering a load, operator shall proceed carefully 
and make sure that he has the load under safe control. 

21 When leaving cage, operator shall throw all controllers 
to “OFF” position and open main switch. 

99 


If crane is located outdoors, operator shall also lock 
crane in secure position to prevent it from being blown off or 
along the track by severe wind. 
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RuLES FOR FLOORMEN 


1 Floormen shall give all signals to the operator in accord 
ance with approved standards, preferably manual 

2 Floormen shall be responsible for the condition and 
selection of all hoisting accessories and for all hitches. 

3 Before operator moves crane upon which an empty chain 
sling is hanging, floorman should hook both ends of sling to 
block. 

1 Kloormen where necessary should walk ahead of moving 
load and warn people to keep clear of it. They shall see 
that load is carried high enough to clear all obstructions. 

5 Floormen shall notify the foreman in advance when an 
extra heavy load is to be handled. 

6 Floormen shall not ride or allow others to ride on hool 
or load. 


RULES FOR REPAIRMEN 


1 Repairmen-should have crane that is to be repaired run 


to a location where the repair work will least interfere with 
other cranes and with operations on floor. 


2 Before starting repairs, repairmen shall see that all 


controllers are thrown to “OFF” position; that main or 
emergency switehes are opened, one ol whieh shall be 
locked. 

3 Repairmen shall immediately place warning signs o1 
‘OUT OF ORDER” signs on erane to be repaired and ot 
floor beneath. If other eranes are operated on the same ru- 
way, he should also place rail stops at a safe distance or make 
other sate provision, 

4 When repairing runways, repairmen shall place rail 
stops or warning signs or signals so as to protect both ends 
of section to be repaired. 

5 Repairmen shall take care to prevent loose parts from 
falling or being thrown upon floor beneath. 

6 Repairs shall not be considered complete until all guards 
and safety devices have been put in place and block and 


tackle and other loose material been removed. 
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ONTRIBUTIONS to the Correspondence Departments of The Journal by members are solicited by 
the Publication Committee. Contributions particularly welcomed are suggestions on Society Affairs, 
discussions of papers published in The Journal or brief articles of current interest to the membership. 


VERTICAL Vs. HORIZONTAL OIL ENGINES 
To THE Eprror: 


The paper on heavy-oil engines by Mr. Daugherty in the 
October JOURNAL contains a discussion on the relative merits 
of horizontal and vertical engines, to the conclusions of which 
I cannot subseribe. As far as Mr. Daugherty’s figures go, 
there is apparently nothing wrong, and his conclusions would 
be perfectly correct if we were interested only in the maximum 
side pressures that act upon the piston and cylinder. How- 
ever, this is not a question of strength; we all know that no 
horizontal engine, any more than a vertical one, ever broke to 
pieces on account of the side pressures exerted upon the pis- 
ton, or by the piston upon the cylinder. We do know, however, 
that under the same conditions the cylinders and pistons of 
horizontal engines wear out much more rapidly, and require 
more attention and cleaning, than those on vertical engines. 

Wear is the result of friction load and rubbing speed which, 
applied to the case before us, necessitates an investigation into 
the piston speed and the pressures exerted upon piston and 
cylinder walls during the whole cycle of operation. The max- 
imum side pressure, which occurs at one instant only during 
the four strokes of a complete working cycle, is, as we shall 
see, only one of the contributing causes to the serious operat- 


ing conditions imposed upon horizontal engines. 


PRESSURE DIAGRAMS FOR VERTICAL ENGINES 


Figs. 14 and 1B apply to a vertical four-cyecle trunk pis- 
ton engine of a cylinder size somewhat larger than that on 
which Mr. Daugherty’s figures are based. As may be readily 
seen, this difference in cylinder sizes is of little consequence, 
since the final result is a matter of relative values rather than 
absolute figures. 


Fig. 1A shows in full heavy lines the indicator diagram de- 


veloped into the four consecutive strokes of the complete 
working cycle. The pressures during the exhaust and suction 
strokes are so small (not exceeding 11% |b. sq. In. In a well- 
designed engine) that they could be just barely indicated. 
The inertia effect of each stroke is shown in heavy dashed 
lines. For vertical engines, especially larger units and mod- 
erate speeds, this inertia effect should be corrected for the 
weight of the reciprocating parts. Since this weight of 
course is constant, the correction consists in merely drawing a 
parallel to the inertia curve, as shown by the heavy full lines. 

It will be noticed that in this particular case the correctior 
amounts to just + 10 per cent of the maximum inertia effect. 
In applying this correction it must be remembered that at the 
beginning of the downward strokes the weight reduces the 
inertia effect, while the opposite is true at the beginning of 
the upward strokes. Combining the corrected inertia effects 
with the absolute pressures of the indicator card produces the 
net forces acting in the direction of piston travel. These 
forces are designated by the lines enclosing the cross-sectional 
area. All pressures or forces in Fig. 14 are reduced to bb. 
sq. in. piston area; those tending to impart motion to the pis 
ton are plotted above the 0-line and are designated +-, while 
those producing the opposite effect are designated and are 
plotted below. 

The side pressures resulting from the net piston forces are 
shown in Fig. 1B, those acting on one side of the cylinder 
are again designated + and are plotted above, while those 
acting on the opposite cylinder side are designated and are 
plotted below the O-line. The absolute value of these side 
pressures is given (this seems preferable over the presenta- 
tion used by Mr. Daugherty, lb.sq.in. piston area, which is 
not representing any actual working conditions and is there- 
fore misleading). 

Throughout the expansion stroke the side pressures are pos- 
itive, their maximum being 12,750 lb. On the following ex- 


haust and suction strokes the side pressures first reach a 
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positive, then a negative maximum, the respective values be- 
ing given on the diagram. On the compression stroke the side 
pressures are entirely negative, their maximum of 4660 Ib. 
little that and suction 
strokes, in spite of the great difference of work done in the 
cylinder. 


being but higher than of the exhaust 
By integration of all the values above the (-line 
we obtain a mean pressure of 2500 Ib. acting along one side 
of the cylinder, while on the other side the mean pressure 
amounts to 1340 lb. Thus these side pressures are within 33 
per cent of being equally divided between the two cylinder 
sides, and what is more important, at least once in every 
stroke this pressure reverses from one side to the other, there 
being a total of six reversals during a complete eyele of op 


eration. 


DIAGRAMS FOR HORIZONTAL ENGINES 


2A, 2B and 2C 


vine of the same bore and stroke. 


Figs. apply to a horizontal four-eycle e 


Fig. 2A gives again the 
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developed indicator card and the inertia effects; these latter 
do not require any correction here since in horizontal engines 
the weight of the reciprocating parts acts at a right angle to 
the direction of piston travel. Note how the resulting forces 
differ from those of the vertical engine in magnitude as well 
as location (point of reversal from + to — forces, which 
under certain conditions may be of considerable importance, 
as I expect to show in the near future). 

Fig. 2B shows again the side pressures, with the connecting 
rod length the same as on the vertical engine. These side 
pressures are plotted about the abscissa X-X, pressures acting 
downwards being shown above X-X and designated +-, while 
those acting upwards, tending to lift the piston, are —. To 
these side pressures must be added the weight of the recipro- 
eating parts, which of course acts continuously downward. 
The true 0-line therefore runs parallel to the abscissa X-X 
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at a distance equal to the weight of the moving parts. (The 
inertia effect of the swinging connecting rod, both in the ver- 
tical and horizontal engine, would not be sufficient visibly to 
affect the diagram.) All the values given to the diagram are 
measured from this actual O-line. 


Thus corrected it appears that with the exception of four 


very short intervals the side pressures are continuously acting 
downwards, their mean pressures during all four strokes being 


$400 Ib. 


tive pressures will be suflicient in the short time interval to 


It is very questionable whether the remaining nega- 


overcome the friction at the piston rings and adhesion be- 


tween piston and eylinder wall; in all probability the piston 


is continuously held in contact with the underside of the eylin- 


der. This is even more likely to be the case where the con- 


necting rod is made longer, as shown in Fig. ZU, where the 


length is inereased by one crank over that in Fig. 2B. This 
inereasing the connecting rod length not only has the effect of 
decreasing the maximum pressures, as pointed out by Mr. 


Daugherty: it also decreases the mean pressures to just about 


400 
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the same magnitude as the sum of + and 
the vertical engine. 


mean pressures of 


The friction work in both these engines would therefore ap- 
pear to be practically the same. There is this fundamental 
difference, however, that in vertical engines the side pres- 
sures cause the piston continuously to shift its contact from 
one cylinder side to the other, while in horizontal engines ap- 
proximately the same or larger side pressures are keeping the 
piston continuously pressed down against the same side of 
the cylinder. The significance of this shifting of pressures 
and contact is clearly shown in Mr. Daugherty’s description 
of the superior process of lubrication in the main bearings of 
horizontal engines, in the last paragraph on page 786 of the 
Journal. (Incidentally, this applies to a dot to the bear- 


ings of vertical engines, to prove which it is only necessary 
to remove the bearing caps from an engine in operation and 
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watch the results.) What has been found to be necessary on 
bearings with their ideal rubbing surfaces and operating con 
ditions in general, certainly is of no less importance for 
pistons, where cast iron slides on cast iron at a maximum 
rubbing speed three times as high as in bearings, and at 
temperatures which would prove disastrous to the latter. 

In view of the foregoing facts, the “ feature of superiority ” 
attributed to the single oil feed on the upper side of horizontal 
cylinder does not become so apparent; in fact, noticing that the 
oil has to find its way by gravity to the under side of a surface 
continuously under pressure, it looks to be decidedly a feature 


of interiority. At best it seems little else than capillary attra 


tion which would permit a trace of oil to get to the nade 
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side of the piston during the short intervals of light pressure 
against the cylinder wall; this, however, is far from having 
the lubricating system under such control as to meet varying 
operating conditions, and which is so thoroughly accom- 
In the latter the oil is not only 
more evenly supplied, but the continuous change of contact of 
the piston from one cylinder side to the other spreads the 
lubricant over the whole circumference and ensures the main- 
tenance of an even oil film. The friction work is thus ma- 
terially reduced and what remains is distributed over twice 
as large a surface as in horizontal engines. It is entirely due 
to this increased friction work between piston and cylinder 
walls that the mechanical efficiency of horizontal engines is 


plished on vertical engines. 
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lower than that of vertical ones. This friction work is con 
verted into heat and must be dissipated through the adjoin 
ing walls. The amount of heat which from this source might 
have to be dissipated through the underside of piston and 
ip 


from 30 to 40 per cent of that transmitted through this same 


evlinder walls of a horizontal engine can easily run to 


channel from the combustion chamber. 


IN CRANKSHAFT 


STRESSES 


Mr. 


res or graphically, why there should be a 


Daugherty has failed to give positive reasons, fig 
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FOR HorIzONTAL OIL ENGINE 


tion of stresses on the crankshaft and main bearings” of 
horizontal engines than of vertical engines. Without desir- 


ing to go into a useless word argument, I am, however, pre- 
pared to prove that the opposite is true. As in the ease of 
side pressures, it is not sufficient merely to determine the max- 
imum load by means of some ready baked formula. The 
question of distribution of stresses in crankshafts and bear- 
ings involves a careful analysis of the affected parts for rigid- 
ity and magnitude of deflections, which may very easily 
greatly augment the stresses set up. If Mr. Daugherty is 
willing to present in these pages an exposition of his method 
of computation for a horizontal engine, including the under- 
lying facts as to dimensions and weights to facilitate check- 
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ing, I shall be glad to follow suit with the nearest size vertical 
engine on which I am able to get the necessary information. 
Such a presentation given for a twin cylinder engine would 
be particularly interesting, since on this type it can be shown 
even better than on a single cylinder unit how unfavorable 
the conditions are as compared with vertical engines. 

Of all the arguments that Mr. Daugherty has presented in 
favor of the horizontal engines, that of “easy survey and 
convenient attendance” is the only one I regard as having 
merit. Although the valves and valve gear are at least as 
accessible on vertical engines as on any horizontal one 
brought out so far, particularly in the larger sizes, the neces- 
sity for first having to mount a platform in order to get at 
these, as well as at the fuel pumps, or for starting and stop- 
ping, is a feature which it would seem desirable to do away 
with on vertical engines. An engine with this in view, as 
well as containing a number of other features to make the 
vertical type better adapted to American conditions, both 
from the operating and particularly the manufacturing 
standpoint, is being brought out by myself at the present 
time. I am merely mentioning this now to give Mr. Daugh- 
erty time for the preparation of new weighty arguments in 
favor of horizontal engines. 

H. R. Serz. 

St. Louis, Mo. 


ENGINEERING SOCIETIES AND PUBLIC 
AFFAIRS 


To the Editor: 

I noted with interest the comments of Mr. Henry Hess on 
the relation of engineering societies to public affairs, on page 
641 of the August issue of The Journal. With due recogni- 
tion of the strength of the “consultant” attitude, is it not 
pertinent to inquire whether the “ wait-till-they-ask-me ” posi- 
tion does not also have its weakness? 

Admittedly this is the safest course from the engineers’ 
standpoint, but suppose the engineer is not consulted. To get 
things done it is often advisable to step down from the pedes- 
tal of dignity and go to work. Whether or not there is a real 
loss of dignity is determined largely by what work is under- 
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taken and how well it is done. If our engineering societies 
are afraid they cannot measure up to the requirements of such 
a progressive attitude, then by all means let us stay on our 
pedestal where we will not encounter the difficulties of con- 
structive, aggressive work. 

There is much talk about the engineer not getting the recog- 
nition that his ability deserves. We can sit back and tell each 
other that the erying need in our community affairs is the more 
active participation of engineers with their analytical and con 
structive abilities. I venture to say that the fundamental cause 
of the condition referred to is this same dignified, “ stand 
pat * attitude which leaves the field to the professional pohti 
cian. 

If our engineering societies do not have sufficient wisdom 
in the management of their affairs to guard against misuse ot 
their powers when taking up constructive community activities 
then let them stay out or improve their managements. 

Anything worth having is worth working for. If we would 
have the standing in the community our ability warrants, we 
must perform the work that this same ability fits us for. The 
same is true of the society as of the individual. 


W. Herman GREUL. 
New York, N. Y. 


OUR INDUSTRIES AND CITIZENSHIP 


To THE Eprtor: 

Referring to Mr. Glynn’s letter on page 644 of the August 
issue of The Journal, I think the salvation of our industries 
and Citizenship lies in the direction of scientifie management, 
under which all factories become in effect laboratories for the 
education of employees. There is no education comparable in 
efficiency and thoroughness with that of “learning by doing.” 
You cannot learn to ride a bicycle, for instance, by reading a 
book, nor can you do anything worth while in any direction 
until you take hold of the work and apply yourself to it; and, 
to obtain the best results, every worker must have the incentive 
and the ambition to excel in what he undertakes. 


Witrrep Lewis. 
Haverford, Pa. 


WORK OF THE BOILER CODE COMMITTEE 


HE Boiler Code Committee meets monthly for the 

purpose of considering communications relative to 

the Boiler Code. Any one desiring information as to the 

application of the Code is requested to communicate with the 

Secretary of the Committee, Mr. C. W. Obert, 29 West 39th 
St., New York City. 


Interpretation meetings of the Boiler Code Committee have 
been continued through the summer months, two meetings hav- 
ing been held, one July 27, and another August 24, for the 
consideration of inquiries received concerning the rules in the 
Boiler Code. The interpretations rendered in the Cases there 
considered have been passed by the Council and are published 
below. The interpretations rendered by the Boiler Code Com- 
mittee have been published in the January, April, and Sep- 
tember, 1916, issues of The Journal, as follows: January 
issue, Cases Nos. 1-36 inclusive; April issue, Cases Nos. 45, 
and 47-48 inclusive; September issue, Cases Nos. 49a and 59- 
88 inclusive. 

The procedure of the Committee in handling the cases is 


as follows: All inquiries must be in written form before they 
are accepted for consideration. Copies are sent by the Seere- 
tary of the Committee to all of the members of the Committee. 
The interpretation, in the form of a reply, is then prepared 
by the Committee and passed upon at a regular meeting of 
the Committee. This interpretation is later submitted to the 
Council of the Society for approval, after which it is issued 
to the inquirer and simultaneously published in The Journal, 
in order that anyone interested may readily secure the latest 
information concerning the interpretation. 

Below are given the interpretations of the Committee as 
approved by the Council on October 13, 1916, in Cases Nos. 
86 and 89-103 inclusive. In this report, as previously, the 
names of inquirers have been omitted. 


Case No. 86 


Inquiry: (a) How is the lowest permissible water level 
determined under Pars. 291-294 of the Boiler Code, for 
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vertical fire tube boilers both with and without submerged tube 
sheets? 

(b) Are fire engine boilers subject to the requirements of 
the Boiler Code, and if so, what should be the lowest water 
level? 

Reply: (a) With vertical fire tube boilers where the top 
tube sheet forms the top of the boiler, the lowest permissible 
water level shall be one-third the length of the tubes, measured 
from the crown sheet or the top of the lower tube sheet. With 
vertical fire tube constructed with submerged = tubs 
sheets, the lowest permissible water level shall be the top of 
the upper tube sheet. According to Par. 291, the lowest visible 
part of the water glass or the lowest gage 
less than 2 


boilers 


cock shall be not 


in. above the lowest permissible water leve 
(b) Fire engine necessarily of highly 
construction and more of the general type of flash boilers and 


boilers are Sp ee al 
are not absolutely subjeet to all the requirements of the Code. 
Unless special provision is made to keep the water above the 
fire box crown sheet other than by the natural water level, the 
lowest gage cock should be at 
the fire box crown sheet. 


least 5 in. above the top ot 


CASE No. 8Y 


Inquiry: Will it be desirable for a State, in administering 
the A.S.M.E. Code, to submit all inquiries that arise concern 
ing the rules to the Boiler Code Committee for interpretation ? 

Reply: Where there is a question respecting the interpre- 
tation of the Code, or where constructions apparently are not 
covered by the Code, it will be most desirable to have the mat 
ter referred to the Boiler Code Committee. Unless this pro 
cedure is followed, the aim to obtain uniformity in the appli- 
cation of the Code will be defeated. Naturally, there will be 
inquiries where it is self-evident that there can be no question 
as to how the Code should be interpreted, and such inquiries 
evidently need not be referred to the Boiler Code Committee 
The Boiler Code Committee desires to cooperate to the limit 
of its ability in assisting in the applheation of the Code, and 
will take pleasure in considering all matters where there is any 
question of doubt that may be brought up to it by the various 
states and municipalities that adopt the Code. 


Case No. 90 


(In the hands of ‘the Committee) 


Case No. 91 

Inquiry: Will it not be desirable to require the stamping 
of the allowable working pressure on all boilers built to the 
A.S.M.E. Code as is required by the rules for some localities? 
Reply: To make any disposition of this suggestion would 
involve an addition to the Code. The Boiler Code ean be 
changed only after suggestions for changes are considered at 
a hearing before the Committee, where all interested parties 
may be heard. The Committee recommended in the Code that 
hearings to consider revisions be held at least once in two 
years, and the time for the first hearing is now near at hand. 


Case No. 92 
Inquiry: In the cone top of a vertical submerged tubular 
boiler that under Par. 231 requires staying as a flat surface, 
where should the stays be located, and what length should be 
taken for caleulating the pressure allowable? 

Reply: Where a cone top requires staying over a portion 
of its surface as permitted by Par. 231, the top row of stay 
bolts must be at a point where the cone top is not over 30 in. 
in diameter. 

In caleulating the pressure permissible on the unstayed 
portion of the cone, the vertical distance between the hori- 
zontal planes passing through the center of the rivets at the 
cone top, and through the center of the top row of stay bolts 
shall be used as Z in Par. 239, and D in that paragraph shall 
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be the inside diameter at the center of the top row ot stay 
bolts. 


Case No. 93 

Inquiry: Exemption is requested from Pars. 186 and 187 
of the A.S.M.E, Code, which apply to the welding of boiler 
ts, where the electrie metal-electrode, or so-called “ pencil 


tvpe” of autogenous welding is used, as this process is claimed 
» be greatly superior to any form of gas welding. 
Reply: This inquiry is a 


No. Sv, as follows: 


swered by t he reply made in 
( ase 

The Committee has sinee its u ception had ur der constant 
observation all sorts of welding of pressure vessels, and has 
vrone so far as to ask some of the welding experts ol this 
country to write papers for the Society to bring out further 

formation regarding this particular process. Suggestions 
for changes will be considered at a hearing before the Com 
The Com 
mittee recommended in the Code that hearings to consider re 
visions be held at least once in two years, and the time for the 


near at hand. 


mittee, where all interested parties may be heard. 
first hearing is now 


Case No. 04 


Inquiry: As there seems to be some misunderstanding ot 
the interpretation rendered in Case No. 43, an interpretation 
is requested of the application of Par. 223 as interpreted by 
Case No. 43, to the details of construction of diagonal boiler 
braces. 

Reply: This inquiry is 
No. 69, 

In previous cases of this kind (See Case No. 29) the Com 
mittee has said that all braces used in A.S.M.E. Code boilers 
should conform to the Code in every detail. Difficulty has 
been experienced in interpreting Par. 223, which applies to 
such braces, and the Committee therefore submits the follow 

g¢ to explain how this paragraph should be applied: 

The requirements in Par. 223 are 
cross-sectional area of the brace.” 


answered by the reply made in 


( ase as follows: 


based on the “ 


To apply 


required 
Par. 223, pro 
ceed as follews: 

] Determine the * required cross-sectional are; of the 
brace” by first computing the total load to be carried by the 
brace, and dividing the total load by the values of 
for unwelded stays given in Table 4. 

2 Design the body of the brace so that the cross-sectional 
area shall be at least equal to the “ required cross-sectional 
area of the brace” for unwelded braces. Where the braces 
are welded, the cross-sectional area at the weld shall be at least 
as great as that computed for a stress of 6000 lb. per sq. in. 
(See Table 4.) 

3 Make the area of pins to resist double shear at 
three-quarters of the 
brace.” 


stresses 


least 
“required cross-sectional area of the 


4 Make the combined cross-section of the eye at the side 
of the pin (in crowfoot braces) at least 25 per cent greater 
than the “ required cross-sectional area of the brace.” 

5 Make the combined cross-sectional area of the rivets at 
each end of the brace at least 1144 times the “ required cross- 
sectional area of the brace.” 

6 Design each branch of a crowfoot to carry two-thirds 
the total load on the brace. 

7 Make the net sectional areas through the sides of the 
crowteet, tee irons, or similar fastenings at the rivet holes at 
least equal to the required rivet section, that is, at least equal 
to 114 times the “ required cross-sectional area of the brace.” 

8 The cross-sectional areas through the blades of diagonal 
braces where attached to the shell of the boiler shall be at 
least equal to the required rivet section, that is, at least equal 
to 1% times the “ required cross-sectional area of the brace.” 


CasE No. 95 


Inquiry: (a) What value of C should be used in the for- 
mula in Par. 199 to determine the thickness of tube sheets and 
spacing of staybolts or braces, where the staybolts or braces 
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are serewed through the plate, or made a taper fit and the 
heads formed on the staybolts or braces before installing them 
and not riveted over, said heads being made to have a true 
bearing on the plate, and where the diameters of the heads 
are not less than 1.4 times that of the ends of the staybolts 
or braces? 

(b) In Par. 203, can C be taken in the proportion of 160 
to 135 for forms of stays which allow a greater value of C 
than 135, based on the pitch measured between stays? 

Reply: (a) The value of C should be 150. 

(b) Yes. The maximum spacing between the rivet sur- 
face of the shell and lines parallel to the surface of the shell 
passing through the centers of the stays or braces shall be de- 
termined by the formula in Par. 199, using for C the value 
for regular spacing multiplied by the ratio of 160 to 135. 


Case No. 96 


Inquiry: An interpretation is requested relative to the 
actual number of stamps required under Par. 36 of the Boiler 
Code. Is it essential that the plate manufacturer’s stamp ap 
pear in three places on the plate if the physical and chemical 
properties meet the requirements of the Code? 

Reply: It is the intent of the Code that one of the several 
stamps be visible on each sheet after the boiler has been 
fabricated, which is evidenced by the fact that the word 
“stamp” in the last line of Par. 36a is in the singular. 
Where the plate manufacturer has placed the stamp or stamps 
on the plate in an insufficient number of places or in improper 
places, such plates may be restamped by the plate manufae- 
turer, or his authorized agent, so that at least one stamp per 
plate shall be visible after the boiler is completed. 


CasE No. 97 


Inquiry: (a) Where can the manhole required by Par. 
°264 of the Boiler Code be located in a Scoteh type boiler with 
dome, that has no available space in the heads or shell outside 
the dome? 

(b) An interpretation is requested of Par. 194 of the Boiler 
Code relative to a dome larger than 24 in. with the joint lap- 
riveted and under a working pressure of 100 lb. 

(c) Referring to the requirement of the Boiler Code for 
reinforcements for threaded openings to give the proper num- 
ber of threads, is there an exception in the case of water 
column connections? 

Reply: (a) Relative to the location of the manhole, this is 
answered by Par. 264 of the Boiler Code, which permits a 
manhole in the head of the dome. Make the opening in the 
shell directly under the dome sufficiently large for access, and 
reinforce such opening in the shell with manhole frame ds 
called for in Par. 261. 

(b) With regard to the riveting of domes, attention is called 
to the interpretation rendered in Case No. 75, which states: 
“The intent of Par. 194 is that all domes 24 in. or over in 
diameter shall have butt and double strap longitudinal joints 
irrespective of the pressure used.” 

(c) With respect to the reinforcements of openings for 
water column connections, there is no exception in the Code 
to the number of threads required in openings for pipe 
fittings. 


Case No. 98 


Inquiry: (a) Is it permissible under Par. 272 of the Code 
to use a pop valve with 0.15 in. lift, basing the capacity on 
0.15 in. lift and replacing a Code valve larger than this valve 
having the maximum discharging capacity as given in the 
table? 

(b) Is it permissible with a 500 h.p. water tube boiler 
having 5000 sq.ft. of heating surface that will evaporate 
30,000 lb. of water per hr. to use at 100 lb. pressure, six 3 in. 
pop valves (bevel seat) lifting 0.15 in., each having a dis- 
charge capacity of 5660 lb. of steam per hr.? 

(ce) Is it permissible to increase by 40 per cent the maxi- 
mum diseharge capacity as given in tables in the Code when 
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using flat seat pops and may six 3 in. flat seat pops be used 
as outlined under Inquiry (b) 

Reply: (a) According to Par. 274, if the marked relieving 
capacity of the valve exceeds that given in Table 8 of the 
Boiler Code, the maximum relieving capacity given in Table 
8 governs in determining the minimum capacity of safety 
valve or valves to be placed on a boiler. The maximum 
capacity given in Table 8 for a 21% in. bevel seat pop valve 
at 100 lb. pressure is 2516 lb. per hr. 

(b) A water tube boiler with 5000 sq. ft. of heating surface 
evaporating 30,000 lb. of water per hr. at 100 lb. pressure 
will require at least eight 3 in. bevel seat pop safety valves. 

(c) It is permissible to increase the maximum discharge 
capacity given in Table 8 by 40 per cent when using flat seat 
pop safety valves, provided the flat seat valves have the same 
lift as that given in the table, and six 3 in. flat seat valves will 
he sulticient for the boiler referred to under (b). 


Case No. 99 
(In the hands of the Committee) 


Case No. 100 


Inquiry: (a) Does Par, 264, which requires a manhole in 
the front head below the tubes of a horizontal return tubular 
boiler apply to the regular brick set type of boiler only, or to 
portable types of boilers also? 

(b) Is it permissible where two or more safety valves are 
used on a boiler, to attach each satety valve directly to the 
boiler by a forged steel flange? 

(c) In the hands of the Committee. 

Reply: (a) Par. 264, respecting the location of a manhol 
in the front head below the tubes, applies to horizontal return 
tubular boilers only. 

(b) In the use of two or more safety valves on a boiler, 
each may be attached directly to the boiler by a forged steel 
flange. 

(c) (In the hands of the Committee 


Case No. 101 


Inquiry: What dimensions are permissible under the A.S. 
M.E. Boiler Code for brass or bronze pipe fittings? 

Reply: In the absence of any other special standard, the 
Boiler Code Committee endorses the use of brass or bronze fit 
tings designed for a factor of safety of five and with diam- 
eters of bolt circles, and numbers and sizes of bolts to corre- 
spond with those given in Tables 15 and 16 of the Boiler Code. 


Case No. 102 


Inquiry: 1s welding by the acetylene process permissible 
for the welding of heads and connecting nipples on headers 
used for furnaces of the down-draft type? 

Reply: The Committee has since its inception had under 
constant observation all sorts of welding of pressure vessels 
and has gone as far as to ask some of the welding experts 
of this country to write papers for the Society to bring out 
further information regarding this particular process. Sug 
gestions for changes will be considered at a hearing before 
the Committee, where all interested parties may be heard. 
The Committee recommended in the Code that hearings to 
consider revisions be held at least once in two years and the 
time for the first hearing is now near at hand. 


Case No. 103 


Inquiry: Under Par. 29a of the Code, should deductions 
in the pereentages of elongation be made pro rata or in steps 
to correspond to the inerease in size of 1 in. above a thick- 
ness of % in.? 


Reply: It is the opinion of the Committee that deductions 


in the percentages of elongation should be made in steps as 
specified in the Code. 
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SOCIETY AFFAIRS 


A Record of the Current Activities of the Society, its Members, Council, Committees, 
Sections and Student Branches; and an Account of Professional 
Affairs of Interest to the Membership 


SECRETARY'S CHAT WITH THE MEMBERS 


S a further development of the new National Defense Act, appointed to report on a form of organization for a Scien- 
military education for college students, particularly the  tifie Civil Alliance to make permanent the organization of 


reserve officers training corps, was discussed by nearly a State Directors of the Industria] Census, made their report 
score of university and college presidents meeting with the mn Tuesday, October 17, at a meeting held in the rooms of the 
officials of the U. S. War Department in Washington o Society. 

Tuesday, October 17 The Secretary recently addressed the public meeting of the 

Besides President Howell, of Harvard University, and Pres (ity Planning Committee of the Cleveland Engineering So 
ident Hadley, of Yale University, our own engineer-president, ciety, and took occasion to compliment that society and its 
Dr. Drinker, of Lehigh University, participated in the co sublie-spirited secretary on the many ways in which the so 
terence. This movement will tie in the reserve corps of ¢ ety is serving the public The itional engineering soeeties 
ian engineers about which | have already spoken. e their duties to the nation, as the cens ind reserve 

The outcome of this movement will probably be the assum, orps above mentioned, and the local societies and t rane 
tion of a complete course in military drill by practically a ave in turn their obligations to the locality which they serve 
the Land Grant Colleges and many of the other colleges d, stil irther, the dividual « é must always be a 
this cou try. President Wilson has announced the persone od citizen, serving in all possible wavs for the commo ood 
of the Civilian Advisory Commission to the National Defens is community. 

Council, as follows: Damel Willard, President of the B. an: The so-called “ recognition ” of the engineer will follow 
QO. Railroad; Samuel Gompers, President of the America reet proportion as he serves unselfishly the welfare of the 
Federation of Labor; Dr. Franklin H. Martin, of Chicas: iblic. The emphasis should always be on service. 

Bernard Baruch, of New York: Howard E. Coffin, Mem.A1 Similar good movements to that at Cleveland are in prog 
Soe.M.E., of Detroit; and Dr. Hollis Godfrey, Mem.Am.So: ess in Atlanta, Minneapolis, St. Paul and San Francisco 
M.E., president of Drexel Institute. The appointment of M1 The difficulty is, however, the desire to officially couple the 
Coflin to represent Industries is a direct recogniton of his s ame of the national society with regulation. If the branches 
vices and that of the engineering societies to the nation in th the Society can keep the two distinet, they will relieve 
Industrial Census just completed. he Council and themselves of embarrassment. 

Speaking of the importance of this work, Secretary of Wai rhe proper scope of the loeal as well as the national soci 
Baker, in an address on September 26 before the Cleveland  eties is to furnish technical information in those realms where 
Chamber of Commerce, said of Mr. Coffin that he “ has done the society is a recognized authority, and to stop where the 
perhaps the greatest service that has been done for America society ceases to have no more authority than others. 
by any private citizen in the last fifty years.” (atvin W. Rice, 

The committee of five, of which the Secretary is secretary, Secretary 


COUNCIL NOTES 


A MEETING of the Couneil was held on October 13. The — sueh state and municipality to appoint a representative to act 


following were present: D. S. Jacobus, President; J. on this committee. All discussions will be confined to the tech 
Sellers Bancroft, John H. Barr, Arthur M. Greene, Jr., Henry nical field of boiler construction and installation. 
Hess, Frederick R. Hutton, W. B. Jackson, Charles T. Main, It was voted to send invitations to all interested parties to 


H. de B. Parsons, Jesse M. Smith, John A. Stevens, Max the proposed public hearing on the Boiler Code to be held dur 
Toltz, E. H. Whitlock, and Calvin W. Rice, Secretary; and by ing the forthcoming Annual Meeting of the Society. 


invitation Charles Whiting Baker, member of the Joint Con Power Test Committee. Prof. R. H. Fernald and James W 


ference Committee of the National Engineering Societies; H. Parker were appointed members of this Committee. 


L. Gantt, Chairman of the Committee on Meetings; I. E. 
Moultrop, chairman of the Publication Committee, and Her- 
man Aaron, Esq., counsel for the Society. 


Sections. A Section was approved in New Orleans, La., to 
include all members residing within sixty miles of that city. 
W. B. Gregory, chairman; H. L. Hutson, secretary-treasurer ; 
R. T. Burwell and E. W. Kerr were appointed as executive 
committee of the new Section. 


Boiler Code Committee. Interpretations of this Committee 
Nos. 89 to 103, were approved with slight corrections and 
ordered published. They are published elsewhere in this issue 


A Section was also approved in Indianapolis, Ind., to in 
of The Journal. 


clude all members residing within sixty miles of the city and in 
A Conference Committee to the Boiler Code Committee was Lafayette and Terre Haute. 


created to consist of representatives of the states and munici- Max Toltz was elected a member of the executive committee 
palities that adopt the Code, and it was voted to invite each of the Minnesota Section, in place of Prof. W. H. Kavanaugh, 
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resigned because of removal from the territory of the Section. 

Increase of Membership. C. B. Davis was appointed chair- 
man of the 
Membership. 


Section Affiliations. 


sirmingham, Ala., sub-committee on Increase of 


It was voted to appoint a committee, 
with E. H. Whitlock, Chairman of the Sections Committee, and 
the Chairmen of the Sections who have been in touch with 
plans for local organizations, to present a statement covering 
the rightful affiliations of the Sections with such organiza- 
tions. 

Recommendations of the Com- 


mittees on Award of Jumor and Student Prizes by Junior- 


Junior and Student Prizes. 


Members and by members of Student Branches, respectively, 
during the vear ending June 30, 1915, were approved, and the 
prizes were awarded. 

Codperation in American Engineering Standards. An in- 
vitation was received from the American Institute of Electrical 
Engineers to appoint three representatives from our Society 
on a joint committee of the national engineering societies to 
consider ways and means of bringing about coo; eration in 
American engineering standards, the representatives on this 
committee to report back to their respective societies. 

The Committee on Standardization was empowered to ap- 
point three of its members to represent the Society on this 
joint conference committee. 
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Am.Soc.M.E. 


American Association for the 
President Jacobus was appointed to represent the Society on 
the council of this association, with W. B. Jackson, previous 


appointee. 


Advancement of sScrence. 


Alterations to Building. 


the House 


Committee for the alterations required in the Society's rooms 


Recommendations of 


to carry columns through them for the additional stories to 
accommodate the Civil Engineers were approved. 

Spring Meeting, 1917. The date of the Spring Meeting of 
the Society was fixed for May 22 to 25, 1917, 

Biographies. It was voted that a Biographies Committee 
be appointed in connection with a plan to prepare or edit 
biographies of notable American engineers. 

The U. S. Navy Department advised the 
Society of its formal adoption of the recommendations of The 


Communications. 


American Society of Mechanical Engineers for Machine Screw 
Standards. 

The seeretary of the John Fritz Medal Board of Award ad- 
vised that the award had this year been made to Prof. Elihu 
Thomson, of Swampscott, Mass. The ceremonies of presenta 
tion of the medal will take place at a general meeting of the 
American Institute of Electrical Engineers, in Boston, on De 
cember 8, 1916. 

CaLvIN W. Rice, 


Secretary. 


OFFICERS OF THE SOCIETY VISIT CENTERS 


RESIDENT JACOBUS and Secretary Rice have just 

completed a tour to some of the centers at which mem- 

bers have under consideration the advisability of forming Sec- 

tions, and have also been able to visit some of the Student 

Branches. They were gratified to find everywhere splendid 

interest in the affairs of the Society and a spirit of willingness 
to codperate in its various activities. 

The Seeretary’s first visit was to Meriden, Conn., where a 
meeting of members of the Society—the first gathering of 
mechanical engineers to be called in that vicinity 
on October 3. Wallingford, 
Middletown in charge of 
the meeting was C. K. Decherd, chairman; R. 8. Brotherhood, 
secretary; J. H. Hutchinson, George A. Horne, C. N. Flagg, 
Jr., and Frank Roundtree. 
bitious to form a permanent organization for holding regular 
meetings, and in this way develop the Society in that locality. 

On October 16 the Secretary visited the Carnegie Institute 
of Technology Student Branch, Pittsburgh, and told of recent 
developments in the work the Society is undertaking, and 
outlined for them the part they are expected to take in pro- 
mulgating the objects of the Society. 

Proceeding to Cleveland on October 17, Mr. Rice met the 
Cleveland local committee at luncheon at the Cleveland En- 
gineering Society, when F. A. Scott, Mem.Am.Soe.M.E., gave 
his views on the industrial preparedness movement. 

At six p.m. the Secretary met the members of the Student 
Branch at Case School of Applied Science. The meeting was 
held at the Case Club, and a number of Cleveland members 
of the Society joined with the students in the meeting. Mr. 
E. H. Whitlock, Chairman of the Committee on Sections, 
Dr. Ambrose Swasey, Honorary Member and Past-President 
Am.Soc.M.E., Dr. C. S. Howe, Mem.Am.Soe.M.E., president 
of Case School, and Mr. F. W. Ballard, president of the Cleve- 
land Engineering Society, were present. 

In the evening the Secretary addressed a public meeting held 


was held 
Engineers were present from 


and Southington. The Committee 


The Meriden members are am- 


in the rooms of the Cleveland Engineering Society under the 
auspices of the City Planning Committee of the Society. 

Mr. Buffalo on October 18, and 
they participated in an informal luncheon given by a group 


Matters relating to So 


Dr. Jacobus met Rice at 
of Buffalo members of the Society. 


ciety affairs and to the engineering profession in general 
were discussed. 
the Buffalo 


3uffalo Section at a formal dinner at the 


In the evening the members of Engineering 
Society joined our 
Hotel Statler. 


meeting on the relations existing between the parent Society 


President Jacobus afterwards addressed the 
and its Sections, and on cooperation between the Sections and 
local engineering societies and clubs. The Secretary described 
recent developments in the many broad movements in which 
engineers are participating and in which the Society is taking 
a leading part. 

The next center visited was Erie, Pa., where active members 
have been considering the advisability of organizing a See- 
tion. These members organized a meeting which was held at 
the Hotel Lafayette, under the auspices of the Engineers’ 
Society of Northwestern Pennsylvania, Mr. Hays H. Clemens, 
president. Mr. F. J. Wadsworth was instrumental in arrang 
ing the details which led up to this meeting. 

Dr. Jacobus, Mr. Whitlock, and Mr. Rice were present at 
this meeting and explained the benefits which accrue to those 
members who are willing to contribute their time and energy 
to conduct a Section. They showed also how the establish- 
ment of an Am.Soc.M.E. Section tends to develop the local 
engineering organization because of the close codperation it 
affords with vital engineering developments. 


As a result of this meeting, the members at Erie are pro- 
ceeding to petition the Council for the authority to conduct 
meetings. 

Marked progress has been made by the members at Indian- 
apolis, Lafayette and Terre Haute, Indiana, in their plans 
for codperative meetings of all branches of engineers, and a 
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large and enthusiastic audience greeted Messrs. Jacobus, Rice 
and Whitlock at the organization meeting of the Indianapolis 
Section which was held on October 20. 

At its October meeting the Council approved the recom- 
mendation of the Committee on Sections that an Indianapolis 
Section be authorized, and the Section is now established. 
All members residing at Lafayette, Terre Haute or within a 
radius of 60 miles of 
Section, and the members at Rose Polytechnic Institute and 
the 


Section carried through its 


Indianapolis will be included in this 


Purdue University will constitute part of organization. 


The manner in which the newest 
first meeting gives promise of rapid development. 


Mr. 
Branch at the Kansas State 


the Student 
Agricultural College, Manhattan, 


Kansas, where he was very graciously received by Prof. A. A. 


From Indianapolis Rice proceeded to 


Potter and the undergraduate body. He was similarly enter- 
tained at the University of Kansas, Lawrence, Kansas, by 
the members of the Student Branch there and its Honorary 


Prof. P.- F. Walker. At both of 


Mr. Rice made addresses similar to those he 


Chairman, these colleges 
made at the Car 
negie Institute and at Case. 

On the evening of October 23, the Secretary had the pleas 
ure of meeting some of the active members of the Society in 
looking the 


, and to them he explained the work which is be 


Kansas City who are 
ot a 


forward to establishment 


Sectior 
ing done by Sections and the great good resulting therefrom 
to the engineering profession and in turn to each individual 
member who takes part in Section activities. 

Washington University Student Branch at St. Louis wel- 
comed the Seeretary on October 24. 

Proceeding from St. Louis to Baltimore, Mr. Rice again 
met Dr. Jacobus, where they attended a meeting of the me 
chanical engineering students of Johns Hopkins University 
for the purpose of organizing a Student Branch. On October 
25 they were present at an organization meeting held by the 


members otf when it 


and 
to the Couneil for 

Baltimore Section. At this meeting a 
Mr. W. L. DeBaufre, of the Naval 
Annapolis describing the work of the U. S. Naval Experiment 
Station there. 


the Society in Baltimore vicinity, 


was voted to file a petition the establish 


ment ot a paper was 


read by Academy at 


On his return journey to New York, the Secretary visited 
College 
and also the Student Branch at the Pennsylvania State Col 


the recently established Student Branch at Bucknell 


lege. 

JOINT SECTION MEETING TO BE 
AT NEW LONDON 

New: Haven, New York 


Sections and Providence Engineering Society 


HELD 


Boston, and Worcester 


to Visit Submarine Base and Engine 
Works There on November 11. 
As The Journal goes to press plans are being perfected 


for an the annals of the 


In view of the current interest in submarines, and 


excursion which is unique in 
Society. 
of the expressed desire of a number of members to inspect a 
plant where submarine engines are built, special permission 
has been secured by the Society for a party of members to 
visit the works of the Electrie Boat Company at New London, 
Conn., on Saturday afternoon, November 11, and arrange- 


ments made for the participation of the Sections at Boston. 
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New Haven, New York, Worcester, and the Providence En- 
gineering Society, affiliated with our Society, in the trip. 

Diesel Engines manufactured in this 
built at the Electric Boat 


Company’s plant, and the party will have the unusual op- 


Some of the largest 


country have been designed and 
portunity of witnessing the processes and methods of con- 
struction of this class of prime mover for submarine service. 
A special test will be run on a high-power 8-cylinder, 4 
Diesel Engine. A 


other oil engines will be seen in 


evele large number of submarine and 


various stages of construc- 
tion, and such operations as the boring of torpedo tubes, 
cylinders and other equipment for submarines examined. 

the Rear-Admiral A. W. 


submarine arm of the United States Navy, 


Through courtesy of Grant, in 
command of the 


the visitors will be given a special exhibition at close range 


of several submarines submerging, and will also be shown 
a surface attack by a submarine. This exhibition will take 
place at the submarine base and training school, near New 
London. 
SCHEDULI 
Boston members will leave South Station on Train No. 7, 


at 8:30 a.m. on Saturday, November 11. Those coming from 
Providence will board this train at 9:36 a.m., and these con- 
New 11:13 a.m. 


Worcester members will leave on Train No. 745 at 8: 


tingents will arrive at London at 


> a.m.. 


arriving at New London at 10:58 a.m. 

The New York party will leave Grand Central Terminal 
at 8:31 a.m. on Train No. 8. This train will leave New 
Haven at 10:30 a.m. and arrive at New London at 11:39 a.m. 

Each group will, upon arrival, proceed directly to the 


Mohican Hotel, where luncheon will be served promptly at 
11.45 a.m., enabling the party to leave for the plant of the 
The 


tion trip through this plant will require about one and a 


Electric Boat Company promptly at 1:00 p.m. inspee- 


half hours. 
The 


submarine 


party will then be taken into the Sound, where 


exhibit and attack will take place. 


out 
the 
The party will return in time to make one of the following 


connections: 


lor Boston and Providence. 


Leaving at 4:07 and 6:00 p.m. and arriving at Boston at 
7:00 and 8:43 p.m. respectively. 
lor New Haven and New York. 
Leaving at 3:57 and 5:41 p.m. and arriving at New York 
at 7:11 and 8:45 p.m. respectively. 
lor 
Leaving at 4:20 p.m. and arriving at Worcester at 8:00 p.m. 


the New 


London and not receiving a personal invitation to this meeting 
} 


Worceste r. 


Members of Society residing within radius of 
but seeing this announcement are cordially invited to par- 
ticipate. 

Members of the American Society of Civil Engineers, the 
American Electrical the American 
Institute of Mining Engineers, the Boston Society of Civil 
Engineers, the Brooklyn Engineers Club, the New York En- 
gineers Club, the Providence Engineering Society, the Phila- 
delphia Engineers Club, the Engineering students at Brooklyn 
Polytechnic Institute, Brown University, Columbia University, 
Massachusetts Institute of Technology, New York University, 
Stevens Institute of Technology, Worcester Polytechnic In- 


Institute of Engineers, 


stitute, Yale University and other organizations of engineers 
living near New London, will also be welcomed. 








THE THIRTY-SEVENTH ANNUAL 
CITY, DECEMBER 


Hk program of the thirty-seventh Annual Meeting of 
the Society, to be held in the Engineering Societies 
New York, 


below in as complete a form as is possible at this early date. 


Building, December 5 to 8, 1916, is announced 

No less than eleven professional sessions have been ar- 
ranged, with papers on similar subjects grouped in so far as 
practicable. This large number of sessions and the great 
variety of topies are the result of many months of work on 
the part of the Committee on Meetings and its sub-committees. 

Elsewhere in this issue advance publication is made of a 

















PLAN OF FIFTH 


FLOOR OF 





MEETING, NEW YORK 
5 TOs 


mittee on Meetings has taken special pains to secure in order 
that such live subjects as appraisal of industrial property and 
industrial vs. publie utility valuation may be discussed at a 
general meeting of the Society for the purpose of bringing 
out facts of value to engineers. 

A Safety Code for Cranes to be presented by the Sub-Com- 
mittee on Protection of Industrial Workers is published in this 
issue. The field of work of this committee is a large one, 
and is also an important one since, through this committee, 
the Society is endeavoring to effect an approach to uniform 
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FUNCTIONS OF FOUNDER SOCIETIES 


number of the papers to be presented and discussed, and oth 
ers will follow in the next issue of The Journal. The papers 
are published in the form of abstracts, prepared in collabora- 
tion with authors and as complete and comprehensive as pos- 
sible. Work on the printing of the complete papers in pam- 
phlet form has been proceeding satisfactorily, and copies of 
any of these papers will be sent to members of the Society 
gratis upon application in advance of the meeting. 

In view of these special efforts on the part of the Com- 
mittee on Meetings and the Publication Committee to get the 
material of the papers in the hands of every member well in 
advance of the meeting, it is anticipated that the opportunity 
for contributing discussion will be widely taken advantage of. 

The first Annual Meeting papers printed in this issue are 
those selected for presentation at one or other of the three 
Miscellaneous Sessions. These are the papers not secured by 
sub-committees, but presented to the Society directly by their 
respective authors. 

These are followed by papers on valuation, which the Com- 


the The 
cooperates in its activities with state bureaus, insurance inter- 


requirements in matter of safeguards. committee 
ests, organized societies, departments of industrial concerns 
and individuals, 


standards. 


and has already discussed a number of 
The Sub-Committee on Gas Power will have charge of an 
important session, and two of its papers are published this 
month. 
A strong feature of the meeting will be the session in charge 
of the Sub-Committee on Railroads. This committee is a very 
representative one, and at the sessions at general meetings in 


valuable 


Two of this committee’s papers are included in 


its charge a large amount of material has been 
brought out. 
this issue. 
The remaining Annual Meeting paper published this month 
is one of the three papers contributed by the Sub-Committee 
on Textiles. It reports the results of an important investiga- 
tion upon the transmission of heat through window frames in 


mill buildings. 
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Papers to be presented at the Machine Shop Session and 


the session in charge of the Boiler Code Committee, as well as 


the remaining papers ot the sessions noted above, will be 
published next month. 
ENTERTAINMENT FEATURES 


As usual, the social features of the meeting will be opened 


with the president’s reception on Tuesday evening. This will 
Dr. 


instead 


follow the 


Jacobus’ presidential address in 


held the 


eleventh floor, which have long since been inadequate for the 


Auditorium, 


and ol being 


in the Society's rooms on 


purpose, will be held on the fifth floor, where with the altera 
tions now in progress there will be splendid provision for sueh 
affairs. 

The Engineering Societies Building has always lacked suit 
able accommodations for the social functions of the Founder 


Societies. The larger room on the fifth floor was not 


large 
enough for such functions and the floor was not suited for 
dancing. For some time there has been under consideration 
the arranging for the two assembly rooms on this floor to 
be thrown together and the laying of a hard wood polished 


floor in both. 
being carried out, and will be completed by the time of the 
Annual Meeting. 


This improvement was agreed upon, and is now 


It was not feasible to make the the 


rooms entirely removable on account of the ventilating shafts 


partition between two 
and the necessity of having nearly sound-proof isolation ot 
the two rooms when they are used independently, so the three 
double doorways are being increased to twice their former 
width as indicated on the accompanying plan. This will give 
for 


Any meet- 


ample means of communication between the two rooms 
such purposes as dances, receptions and reunions. 
ings that require the seating capacity of the two rooms com 
bined will still be held in the Auditorium. 

In addition to the president’s reception, the two luncheons, 
the Wednesday 
night, and the dance and reunion following the lecture on 


Wednesday and Thursday noon, smoker on 
Thursday evening, will also be held on this newly-adapted fifth 
floor. It is not a little satisfaction to the committee in charge 
of the social arrangements that it will be possible this year 
for the first time to hold all of the Annual Meeting 


events in the Engineering Societies Building. 


social 


TENTATIVE PROGRAM 
Tur sday Eve mind, De Ce mbe y ) 


PRESIDENTIAL ADDRESS AND RECEPTION 


President’s address on the Relation of Edueation to Engi 
This 
will be followed by the annual report of the Tellers of Elee- 
ot the President-elect, and 
a reception to the President, President-elect, ladies, members 
and ruests., 


neering, by Dr. D. S. Jacobus, President of the Society. 


tion Officers, the introduction of 


This gathering will be informal. 


Wednesday Morning, December 6 
OPENING SESSION 
Business Meeting. 
Reports of the Council, Standing Committees and Special 
Committees, Constitutional Amendments and new business. 
Award of Junior and Student Prizes. 
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Joun E. Sweet MEMORIA! 

Following the regular business of this session, there will 
be memorial exercises in honor of the memory of John E. 
Sweet, Past-President, Honorary Member and founder of the 
Society. 

MISCELLANEOUS SESSION 
Tue PROPORTIONING OF SURFACE CONDENSERS, George A. O1 
rok 
Ture Testine or Housr-Heatine Borers, L. P. Breckenridge 


and D. B. 
WATER 


MENT, Arthur C, 


Prentice 


FOR Irs SIGNIFI 


Scott and J. R. 


STEAM BOILERS ANCE .AND TREAT 


Bailey 


INDUSTRIAL SAFETY 


SESSION 


/ vnder the f the Sub-€ ommiltes n 


Industrial Workers 


auspices oO 


Report on Safety Standards for the Operation of Cranes. 


Wedne sday Afternoon 


MISCELLANEOUS SESSION 


THe UTImizaATION OF Waste Heat ror STEAM GENERATING 
Purposes, Arthur D. Pratt 
GRAPHIC METHODS OF ANALYSIS IN THE DESIGN AND OPERA 
TION OF STEAM POWER PLANTs, R. J. S. Pigott 
Power PLant Erricirency, Victor J. Azbe 
TEXTILE SESSION 
Under the auUsjnces of the Sub-Committee on Teat 


Heat TRANSMISSION THROUGH VARIOUS TYPES OF SA 


Arthur N. Sheldon 
Other papers will be presented on the question of moisture 
and humidity in the textile industry; and on the effects of 


vibrations in textile mill buildings. 


MACHINE SHop SESSION 
lnder the auspices of the Sub-Committee o7 Vachine Shop 
Practice 


This Session will be devoted To the disc ission of papers on 


the standardization of machine tools and on a classification of 


machine shop practice and a proposed plan ot of the 


vork 


Sub-Committee on Machine Shop Practice 


We dne sday 


Eve ning 


SMOKER 


The success of last year’s smoker has decided the repeating 


of this form of entertainment for Wednesday evening. En- 
tertainment will be provided, and a feature will be a short 
talk by Frank B. Gilbreth, Mem.Am.Soe.M.F., on his experi 
ences in Europe during the war. 
Thursday Mornina, December 
VALUATION SESSION 
It is expected that this session will continue both morning 


and afternoon. 
ACCURATE APPRAISALS BY SHORT Metruops, J. G. 
Propuctive Capacity A MEASURE OF VALUE 01 

Property, H. L. 


Morse 
AN INDUSTRIAL 
Gantt 

Other authors will present papers on the relation between in 
dustrial valuation and utility valuation; on the interest of 
the publie in valuation; on the relation between perpetual 
inventory value and appraisal value, and on amortization and 
depreciation. 








Thursday Afternoon 
Besides 


will be a Gas Power Session. 


the continuation of the Valuation Session, there 


GAS POWER SESSION 


Under the auspices of the Sub-Committee on Gas Power 
A Gas Propucer For Bituminous Coat, O. C. Berry 
COMMERCIAL SAMPLING AND Gas Anatysis, P. W. Swain 
AN INVESTIGATION OF THE INTERNAL-COMBUSTION ENGINE AS 
APPLIED ENGINES, A. A. Potter and W. A. 
Buck 

THE Ratio OF THE SPECIFIC HEATS AND THE COEFFICIENT OF 
Viscosiry oF NaturRAL Gas FROM TypicaL FIELpDs, Rob- 
ert F. Earhart. 

ILLUSTRATED REVIEW OF THE WERKSPOOR MARINE DIESEL EN- 
GINES, Thomas O. Lisle 


TO TRACTION 


Thursday Evening 
LECTURE AND ANNUAL REUNION 
The Committee is making arrangements for a popular lee- 
ture to be given in the Auditorium on Thursday evening. 
Following the lecture, the members and guests are invited 
to adjourn to the fifth floor of the 
Building for the annual reunion and dance. 


Engineering Societies 


Friday Morning, December 8 
MISCELLANEOUS SESSION 
Tue Impact Tuse, Sanford A. Moss 
Heat TREATMENT OF WrovuGHT IRON CHAIN 
Coburn, W. W. Webster and E. L. Patch. 


THe FLow or AIR AND STEAM THROUGH OrIFICES, Herbert B. 
Reynolds 


CaBLE, F. G. 


RAILROAD SESSION 


Under the auspices of the Sub-Committee on Railroads 
Cuasp BRAKES FOR HEAVY PASSENGER EQuipMENT Cars, T. L. 
Burton 
MECHANICAL DESIGN OF 
elder 


Evectric Locomotives, A. F. Bach- 


STEAM BOILER SESSION 


Under the auspices of the Boiler Code Committee 
AN 


ANALYSIS OF THE WORKING Parts OF SAFETY VALVES 
MET WITH IN MARINE PRACTICE, WITH SUGGESTIONS 
REPAIRS AND IMPROVEMENTS, E. F. Maas 


Tue Tatsor Borer, Paul A. Talbot 


FOR 


Friday Afternoon 


Public Hearing by the Boiler Code Committee. 


Saturday Morning, December 9 


Public Hearing by Boiler Code Committee continued. 


PLAN OF ACTIVITIES FOR THE 
SEASON 1916-17 


Below is a continuation of the announcement in the last 
issue of The Journal, of the proposed activities for the 
season of Sections and Student Branches. At some of the col- 
leges where the work of the term in the engineering depart- 


ment does not begin until the middle of October, the opening 
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meeting of the Student Branch has not yet been held, and in- 
formation regarding plans for the year has not come to hand. 


SAN FRANCISCO SECTION 


The San Francisco Section, through C. F. Braun, Secretary, re- 
In order 
the 


ports that the coming season will be a really active one. 
to get the members together an informal smoker was held at 
Engineers’ Club during the first week of October. 

In the fourth week of October the Section held a joint meeting 
with the A.L.E.E. 
sented papers on the Propulsion of Ships. 

On November 16 a second joint meeting with the A.I.E.E. will 
be held, and W. W. Thompson will present a paper on The Trum- 
bull Oil. Another 
planned for about the 26th of the month. 

In the first week of December the section 
at which W. J. Davis, Mem.Am.Soc.M.E., 
Turbine Blowers. 

At a meeting to be held in February the Chairman, F. W. Gay, 
will present his paper on Engineering Economics of Partial Con 
struction. 

Besides meetings other 
three held during the 
latter some subject will be discussed informally. 

Mr. A. C. Mem.Am.Soc.M.E., has signified his will- 
ingness to serve on the local committee and one other member will 


Some of the members of the latter section pre- 


Process of Refining social gathering is also 


will hold a 
will present a 


meeting 
paper on 


and 
the 


these above two formal 


will be 


meetings 


smokers season; at each of 


Paulsmeier, 


also be appointed on this committee, to fill vacancies caused by the 
Messrs Meredith. E. A 


resignations of Terwilliger and 


Rogers 


will act as Section Correspondent. 
NEW HAVEN SECTION 
The New Haven Section will follow its previous plan of holding 
two meetings during the season with afternoon and evening sessions 
and a dinner between them. ‘The first of these meetings will be 


held on Wednesday, November 15, in the Hammond Mining Labora 


tory when the subjects of Applied Metallography, Prof. C. H. 
Mathewson and Testing of Metals, Prof. William Kent Shepard, 
will be presented These papers will be followed by discussion. 


Following this session dinner will be served in the hall of the Yale 
Dining Club. The will be held in the Mason 
Laboratory and two papers will be presented and discussed. The 
first of Recent Developments in Time-Study Devices, by 
Frank B. Gilbreth, Mem.Am.Soc.M.E., and the second, Processes of 
Facsimile Reproduction with demonstrations, by Samuel J. 
of the Mechanical Engineering Department of the Sheffield Scien 
tific School. The local membership of the Section has increased 
greatly and interest in the Society is very keen. The Section has 
the codéperation of the Sheffield Scientific School and the service of 
its faculty on the Section Committee. 


session 


evening 
these is 


Berard, 


STUDENT BRANCHES 

The University of Colorado Student Branch plans to hold two 
meetings each month during the school year. 
month will be in charge of the students, 
fessional men will be invited to speak. 

The program for the year will include a trip to the smelting 
works at Pueblo, at least two trips to large plants in Denver, be- 
sides visits to sugar plants and power stations around Boulder. 

The Branch held its first meeting on October 4, and an account 
of this is given elsewhere in this issue. 


One meeting each 
and at the other pro- 


The State University of Iowa Student Branch will also hold 
semi-monthly meetings throughout the college year. It is proposed 
that at a majority of these meetings students shall present papers 
upon subjects of their own choosing. Excursions will be made to 
manufacturing plants in the vicinity of the University, and ar- 
rangements for these will be the 
meeting. 

The Branch began the year with a business meeting on October 
11, when plans were discussed. Many new men have signified their 
intention of enrolling, and a banner year is looked for. 


Student Branch 


excursions discussed at next 


The University of Wisconsin will hold both 
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social and technical meetings during the year. In the former, it 
will participate with other engineering clubs at the college and 
will also take part in the annual sophomore smoker. At the tech 
nical meetings engineering subjects will be presented and dis 
cussed, as well as topics of general engineering history. 

Meetings are held the first and third Thursdays of every month 

The increase in membership of the Brooklyn Polytechnic Student 
Branch will serve as an incentive toward the increase in social and 
technical activities for the coming year. A unique feature of the 
program for the meetings is that the speakers will be members 
of the alumni. The graduates are employed in such varied and 
interesting phases of the mechanical engineering profession that an 
attractive list of papers is assured. 

rhe usual trips to places of interest to the future engineer wi 
be continued with added zest The Program Committee is no 
corresponding with the executives of many of the manufactories, 
power plants and office buildings situated in or near New York 
City 

\ great endeavor will be made this season to focus attention on 
the social side of our activities. While heretofore it has been 
customary after meetings to turn to general discussion, it has 
not been customary to have an informal dance. A canvass will be 
made and if opinion approves of the idea, there is no reason why 
. events cannot be held. 

the Penn State Chapter opened their season with a preliminary 
meeting, at which the new committees were announced, followed by 
x social meeting at which the new faculty members were introduced 
and made addresses. These members are Professor FE. A. Fes 
senden, J. W. Haney, J. O. Keller and R. C. Fielding 

The program for the year includes the following addresses by 
faculty members and others and discussions by student members 

Calvin W. Rice, Secretary, Am.Soc.M.E., on Work of the Student 
(Chapters. 

R. L. Sackett, Mem.Am.Soc.M.E., Dean, School of Engineering, 
on Revision of Steam Power Plants. 

KE. A. Fessenden, Mem.Am.Soc.M.E., Professor of Mechanical 
Engineering, on How Scientific Investigation is Attacked. 

Hugo Diemer, Mem.Am.Soc.M.E., Professor of Industrial En 
gineering, on The Scientific Determination of Processing Standards 

J. A. Mease, Mem.Am.Soc.M.E., Associate Professor of Machine 
Design, on The Steel Industry, from Ore to Finished Product. 

kK. N. Bates, Assistant Drofessor of Mechanical Engineering, on 
Development of the Gas Engine. 

J. P. Calderwood, Mem.Am.Soc.M.E., Associate Professor of 
Mechanical Engineering, on The Use of Kerosene in Gas Engines 

On October 13, H. L. Swift, Mem.Am.Soc.M.E., addressed the 
Chapter on Electric Railroad Operation. 

The ¢ niversity of Maine Student Branch is anxious to make 
this year the best in its history. Tentative plans are under con 
sideration for meetings to be held once a month. It is hoped that 
the Society will make it possible this year for the Branch to receive 
visits from some of its speakers. 

The Case School of Applied Science Student Branch will hold its 
first meeting on October 17. Secretary Rice has very kindly con 
sented to address this meeting, and a number of Cleveland mem- 
bers of the Society have accepted an invitation to be present. This 
generous codjperation of the Secretary and the local members of 
the Society will assist the Branch in attaining the proper 
momentum for the year. 

Other meetings of the Branch will be held on November 1, 
December 6, January 10, February 7, March 7, April 4 and May 2 
The last meeting is designated as the Annual Meeting. 

The usual procedure will be to hold a dinner at six p.m. on 
meeting nights, the meeting to follow the dinner. 

The program for these meetings includes papers on salesman 
ship, advertising, and also some papers on special engineering 
topics by Cleveland members of the Society who have kindly 
offered their assistance. One meeting will be given over to a dis 
cussion of technical subjects by various members of the Branch. 

The local branch is now very happily situated in being able to 
use the new Case Club for its meetings. 

Regular meetings of the Worcester Polytechnic Student Branch 
will be held on the first Friday of each month. The several pro- 
fessors in charge of the work of the department of mechanical en- 
gineering have been assigned one meeting each, and will assist the 
student officers in securing speakers and making other arrange- 
ments. 

The October meeting will be devoted to Steam Engineering: 
November to Shop Engineering; December to Heat Treatment of 
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Steel; January to Machine Design and Materials of Construction ; 
Kebruary to Hydraulic Engineering, and March to Automobile 
Engineering. The regular time for the April meeting coming this 
vear during the Spring recess, a Joint Meeting will be held under 
the auspices of the Electrical Engineering Society. In May will 
occur the annual meeting of the Branch for the election of officers 
and reports by members from the senior class on their thesis 
work, 

The friendly rivalry between the several sub-departments in 
irranging for the meetings results in a series of well-balanced and 
most interesting lectures as each professor tries to secure the best 
talent possible for his special meeting 

It is expected that the meetings will be well attended judging 
from the way this arrangement has worked in the past 

The meetings are open to the public and special invitations are 
ent each month to those interested. 

Che newly organized Branch at the Louisiana State University 
and Audubon Sugar School plans to make a special campaign early 
in the season for increasing its membership. 

The programs of the meetings will include several addresses by 
practising engineers, and a strong effort will also be made to get 
well-prepared papers by students. The University has lately a 
quired a motion picture machine, and the Branch will secure a 
number of films on engineering subjects Inspection trips will be 
made, particularly to sugar factories and oil refineries in the 
vicinity of the college. 

In carrying out its program for the year, the Carnegie Institute 
of Technology Student Branch will hold meetings the second Wed 
nesday of each month. The Branch expects to obtain addresses 
from Elmer K. Hiles, Mem.Am.Soc.M.E., George H. Neilson, W. C 
Bates, F. W. Winter, H. F. Ferguson, Frederick H. Parke and J 
C. Hobbs, Mem.Am.Soc.M.E., and also some of its own alumni 

Light refreshments will be served at each meeting. 

The business session and Dutch Lunch will be held in May, 
1917. 

The University of Minnesota Student Branch plans for the com 
ing year contemplate improvements on past methods. For in- 
stance, during the past year many regular meetings were given 
over to addresses and talks of a general nature. All were excellent, 
but the students were not taking part, and it is proposed that each 
one shall be up and doing and therefore a greater number of 
reviews and discussions will form the basis for future meetings 

An open debate upon some live engineering question will 
furnish material for one or more meetings. It is hoped that the 
Branch may be able to get motion pictures of manufacturing pro 
cesses and to-the-point lectures to accompany each set of films. 
It is proposed to keep in closer touch with the other student 
branches and try out a plan for the interchange of ideas and 
methods, 

The annual “ Get-together”’ is the best scheme yet evolved for 
getting up enthusiasm in the work and attracting prospective me- 
chanical engineers to the Branch. 

It is further proposed to give a dinner-dance just before the 
Christmas vacation in order that the Branch members and guests 
may have an opportunity to get better acquainted 

The first meeting of the Branch will consist of discussions of 
plans to govern future activities, and at that meeting there will 
undoubtedly be proposed further means to make the Branch of 
greater service to the members and to the University. 

The Bucknell University Student Branch has decided to follow 
its plan of last year. About once each three months the Branch 
expects to have some outside engineer give an address, and other 
meetings will be devoted to expositions, given by seniors, of work 
done during the summer months. These expositions will be fol- 
lowed by discussions. 

The general idea of the Branch is to acquaint its members with 
the various branches of the engineering profession, and the leading 
thought in all discussions will be that of instruction as to processes, 
methods, and efficiency in system 

The Colorado State Agricultural College Student Branch will 
hold regular meetings twice every month. The programs will be ar 
ranged by the officers of the Branch and topics assigned to members 
for presentation. Topics are to be chosen from The Journal, from 
other technical papers and from practical experience. It is also the 
aim of the Branch to arrange for addresses by men of the engineer 
ing profession. The Branch plans to get in touch with the engi 
neers of the under classes and keep them interested in the mechani 
cal engineering profession. Some time during the year it is pro 
posed to have a joint meeting with the other technical organizations 
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The Lehigh University Student Branch will hold monthly 
ings as heretofore the second Thursday of each month. 


ineet- 
At each of 
these meetings there will be two addresses, one given by a student- 
member of the Society, aud the other by a graduate, prominent in 
circles. Among the list of speakers scheduled for the 
vear are Dr. J. W. Richards, of the American Electro 
chemical Society, whose talk will deal with the work of the newly 


Naval Board, of 
Anderson, Ist General 


engineering 
coming 
organized Advisory which he is a member: R. EF. 
Superintendent of The Win 


chester Repeating Arms Co., who will speak on the Taylor System 


Assistant 


as it is in vogue where he is working. Then there will be an ad 
dress on the Schwab Bonus System by 
the Bethlehem Steel Co. In an 


cooperation between the several engineering societies of the Univer 


some prominent member of 


endeavor to bring about closer 


sity, there will be a combined meeting of these societies in the 
near future. 
The president of the Armour Institute of Technology Student 


Branch reports that it has repeatedly been brought before the at 
tention of engineering students that engineers in general are greatly 
the presentation of 

The and 


contests in the present day engineering colleges has led the student 


lacking in papers or as factors in a general 


disc ussion, absence of debating societies declamation 


members of the Society 


a different 


at Armour Institute of Technology to adopt 
procedure in 116-17 
At each semi-monthly 


meetings for than has been fol 


lowed in 
four 


years previous, meeting, three or 


members will be called upon for 5-minute talks on subjects 


us they themselves shall select. After each talk a general discussion 
take During the 
every member will be called upon for a short extemporaneous speech 


on the speaker’s topic will place. discussion 


on one or other of the 5-minute talks. 
The addresses by prominent engineers and lecturers for the veal 
the Civil, Chemical, Electrical, 
and Mechanical societies codperatively. 

The A.S.M.E. the mechanical en 
gineering students of the class of "IS was very successful. A 


will be attended by Fire Protection 


smoker given in honor of 
ban 


quet to be given before the Christmas holidays is contemplated. 


The Student Branch of the Society at the University of Ken 
tucky will hold bi-monthly meetings throughout the college year. 


Technical magazines will be closely 


studied by all the 
each of whom will report on the contents of the particular maga 
zine assigned to him. 


members, 


In this way a large number of the engineer 
ing problems that confront the technical graduate will be brought 
into discussion. 

A smoker to which the freshmen will be invited is contemplated 
for the near future as an informal but effective means of arousing 
their interest in the work of the Mechanical Engineering depart 
ment. 


The officers for the Student Branch of the A.S.M.E. of Cornell 
l niversity for the coming school year are as follows : 
R. C. Carpenter, Honorable Chairman, Sibley College; W. C. 


Bliss, President ; 
retary; W. 


Rh. O. Compton, Vice-President ; S. M. 
W. Robertson, Treasurer. 


Sarr, Sec 


It was decided to have as a program of meetings for the year 
The first 
lecture will be given on the subject of the (Juebee bridge disaster, 
by Prof. II. S. Jacoby, in the first week in November. The other 
meetings will be arranged for later. A canvass of all the students 
will be made immediately to secure active members for the Branch. 

The Yale University Student Branch is planning to have Mr. 
Rice speak at its first meeting to be held November 3 and have it 
an organization meeting open to members only. No other definite 
but the Branch has had many 
men in the country on labor 
questions, from manufacturers wishing to send moving pictures of 


a combination of lectures, social meetings and debates. 


dates have been arranged as yet, 
good offers from some of the best 
their business, and well-known engineers. It is its policy to have 
as many demonstrations as possible of recent developments in the 
mechanical engineering field. One 2-hour recitation period each 
month has been given the Branch, in which time the heads of the 
other engineering schools of Yale are coming in to talk. This time 
will also be used for debates among the members and with other 
engineering Student Organizations here. 

In the winter term an exhibition in the laboratory to promote 
interest in Mechanical Engineering will be held. All the apparatus 
and machines will be run by the students and the opportunity to 
see what is being done in the Mechanical Engineering Department 
will be afforded to everyone. 

There seems to be an unusual amount of interest in the Branch 
as is shown by a large increase in membership and the Branch is 
looking forward to a most successful year. 
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The officers for 1916-1917 are Graham M. Brush of Greenwich, 


(onn., 


President, and Irving C. Shepard of New Ilaven, Secre 
tary and Treasurer. 
. . 
ROLL OF HONOR 
Lists of those members enlisted or contemplating cnulist 
ment in the National Guard, the PReqular Army, the Naral 
Militia, the Navy, and in other capacities im the services of tl 


country, have been published monthly in The Journal since the 


August issue. Further names of such members ree 


red sun 

the publication of the last list appear below. 

CLUETT, SANFORD L., Major, Signal Corps, National G:uard, New 
York 

IANSELL, WILLIAM H., Private, Company B, Engineer Battalion 
National Guard, Pennsylvania 

HERSEY, MAYO DYER, Investigation of Aviation Instrur . @ s 


Bureau of Standards 
KRAUS, SIDNEY M., Lik 
OTTO, HENRY 8., Private, Squadron <A, 
PERRY, FRANK B., Civilian 
SHAAD, GEO C., 


utenant, U. S. N 

National Guard, New Yor! 
Volunteer Training, | S. Navy 
Naval Consulting Board, Mem 


Cruise 
Associate-Member of 


ber of Kansas State Committee on Industrial Preparedne 

STEEL, REGINALD A., Master Engineer of Ist Battalion, 221 Keg 
ment of Engineers, National Guard, New York 

STRAHLMANN, O. E., Aeronautical Engineer, Office of Chief Signa 
Officer 

TREAT, SIDNEY W., Sergeant, 7th Infantry, U. S. National ¢juard 

rRUSCOTT, HAROLD S., Captain, Company I, 4th Infantry Regiment 


National Guard, Hawaii 


AMERICAN CHEMICAL EXPOSTTION 


The Chemical Exposition at the Grand Central Palace 1 
New York City in October emphasized the surprising adapt 
ability of American industries to exceptional conditions, as 
fact that it 


very exceptional conditions to give the American chemists a 


well as the equally surprising required thes 
chance to show what they could do. 

This exposition has also shown that, contrary to the im 
pression still held by a good many people, this country is 
entitled to a full share of credit for certain splendid work done 
in industrial chemistry. While it is true that until lately Ger 
many led the world in the development ol synthetic dyes, in the 
field of 
nology, American chemists have done highly creditable, if not 
The 


process and the creation of “ casing-head ” 


heavy chemicals, and especially in petroleum tech 


quite so spectacular, work. oil-refining and cracking 
gasoline are es 
sentially American achievements. The war has found Ameri 
can industries dependent for some staple articles of vital im 


portance on foreign markets which for one reason or an 


other could not continue to supply us. In a time measured 
by months problems were solved which would take years 
under any ordinary conditions. 

That America led the world in the production of heavy steel 
materials was shown many years ago by Captain William 
Jones at the now historical meeting of the British Association, 
but until 1914 the highest grades of automobile steel used 
still came from Europe. Some of these were secret steels made 
according to carefully preserved recipes. In a surprisingly 
short time leading companies in this country have developed 
the production of these special steels so that their physical 
characteristics are in no wise inferior to the imported articles. 

The spectacular development of the production of munitions 
in this country is too widely known to need more than passing 
mention. Less is known of the fact that, for example, this 
country is now leading in the production of radium and is 
likely to continue to do so. Even in the production of dyes, 
photographie chemicals and pharmaceutical products remark- 
able advancement has been made, especially remarkable if we 
consider the shortness of the time during which it was made. 


























A PAST-PRESIDENT’S AVIATION EXPERIENCES 
A Letter from James Hartness Describing His Interesting Experiences in Aviation and 
Emphasizing the Importance of This New Field to Engineers 






































Se cue Becton: vhen the opportunity afforded by a theht i i on : A my 
My vanity on something else has suggested to me that Jou seaplane at Marblehead and about halt a adozen whis 1 ee 
nal readers might be interested to know one of the uses to _— Pnegel = rage oreagen poctores aaa eee? 
which ex-Presidents may be put. After my term of servic | of instruction with the — > did =e 
tried aviation and found it fully as preoceupying as the duties at Garden City last spring. The us ial length o —— 
James Hartness, Past-PRESIDEN Am.Soc.M.F.. as ArERo 
NAUT AND PiLor 

of President of the Am.Soe.M.k. I think it is one of the ways regular students runs trom one to two months, but mv les 
by which ex-Presidents may be kept busy. sons were drawn out over a longer period because | spent 

Seriously, I consider the question of aeronautics one of vital alternating weeks at home . 
importance to the members of our Society. It is distinetly 1 am told that the usual course of instruetion in other 
an engineering problem. The aeroplane at the present stage schools begins with tamiliarizing the student with the working 
needs the engineer more than anything else. 1 am looking ot the engine and the various controls of the aeroplane and 
forward to a great development in this direction within the the general behavior of the machine while on the ground. <A ’ 
next five years, and in view ot the importance ot the sub ject number of runs, at first short and then longer, are taken in 
believe it should be kept prominently before our members, the machine on the ground without rising into the air. This 

One of the results of my experience in learning to fly has is followed by jumps, during which the machine is allowed 
demonstrated the faet that it is possible for a man of my _ to rise from the ground for short distances. After that actual 
age to reach a point where he ean handle a machine with rea flights of gradually increasing duration are attempted. 
sonable safety. The Canadian Government does not take any The machine used was a slow-flying type known as thei 
men for training for war service who are over 23 years old. Type B biplane, which is practically the same as the Wright 
Some authorities think that good flyers cannot be made out of machine of eight years ago, with the wings warped to effect 
timber that is over 35 years of age, and, as a matter of record, the banking and lateral lever control. The course was com 
| believe few men have learned after passing the fiftieth mark. pleted, however, with another machine, in which both wings 
| am, as you know, 55 years old, and I have gone through my were rigidly braced and flaps or ailerons were used for the 


course at the Wright school and passed the examination for lateral control. 
aviator’s certificate which is issued under the rules of the But the instructor, Mr. Howard Rinehart. did not follow 
Federation Aeronautique Internationale, with the authority that method. He started the student first with a “ joy ride.” 
of the Aero Club of America. I have had in all over 60 flights After that he allowed the student gradually to assume the con 
and have been intrusted with a machine without a pilot for six trol. The art of getting the machine off the ground and 
flights. alighting was left to the latter part of the course. In my own 
| became interested in the matter of flying when taking my experience, the order of my acquisition of the various ele 
first flight in a Zeppelin at Leipsic during our joint meeting ments of the art of flying might be summarized as follows: 
with the Verein deutscher Ingenieure. This was followed I first gained the ability to keep the machine in lateral bal 
911 
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ance in flying straight away; then followed the use of rudder 
and warp for turning in a large circle; next the smaller circles 
in both right and left turns, making figure 8’s, and during 
these flights, which vary from 2 to 10 min., I was permitted 
gradually to assume more and more of the control during the 
get-away. But the art of controlling the angle of climb and 
the art of landing were the last and the most difficult. 

Barring unsteady air currents and machine troubles, the 
amateur’s danger seems to lie chiefly in stalling in getting 
away and in flying, and in the general problem of landing. 

The stalling is due to trying to climb too fast, for this re- 
tards the speed of the machine through the air and renders 
the control ineffective. 

In steady air the experienced pilot is able to make his land- 
ing by swooping down and nicely leveling his course just 
to clear the ground, and let the wheels touch at the slowest 
speed at which the controls are effective. - 

The machine used is shown in the photograph. It is a slow- 
flying Wright biplane known as their Type B. It is prae- 
tically the same as the Wright machine of eight years ago. 
with the wings warped to effect the banking and lateral con- 
trol. The course was completed, however, with another ma- 
chine, in which both wings were rigidly braced and flaps or 
ailerons were used for the lateral control. 

In these machines, the dual control with instructor and 
student sitting side by side, the conditions seem ideal, for 
ach may see what the other is doing. This not only makes 
it possible for the instructor to direct the student by pre- 
arranged signals, but it also leaves no doubt in the student’s 
mind of the extent of control exercised by the instructor. In 
the machines in which the two sit in tandem position, the 
student is not always sure that the instructor has not gently 
changed the control. 

The 


gine. 


machines were driven with a 35-h.p. Wright en- 
I have no aceurate data as to the speed, but I under- 
stand it would get away from the ground at less than 30 miles 
This is a 
training biplane, different from the high-speed tractors which 
The 
slow-speed machines fly so close to a stall that they must be 


an hour and could not fly over 45 miles an hour. 
the Wright Company is building for other purposes. 


A stall of the machine 
does not necessarily indicate a stall of the engine. 


handled properly or they go wrong. 
It simply 
ineans that the aeroplane loses its speed in the air below a 
Then it is liable to 
side slip or do any one of the number of things that invite 


point at which the controls are effective. 


trouble. 

The type of control used is a modification of the Wright sys- 
tem which brings it nearer to the Deperdussin control, called 
“ Dep 
rudder. 


” eontrol, but the Wright does not use the foot control 
For lateral balance the “ Dep” control uses a wheel 
located about the same as an automobile steering wheel, only 
in normal position it is vertical instead of inclined. Turning 
the wheel to the right or left tips the machine in similar diree- 
tions. The wheel is pivoted to the frame, on which it may be 
moved forward and back, and this motion controls the elevator 


The Wright 


rudder is a lever on this hand wheel which is similar to the 


which raises or lowers the course of the machine. 


throttle of an automobile. 

This letter may seem very elementary, especially to the aero- 
nautical members of the Society, but in view of the newness 
of the art I think we should not hesitate to set forth the sub- 
ject in a way to benefit those who have not entered into it. 

I am sending a photograph showing the two seats of the 
aeroplane occupied by the youngest and oldest members of 
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the class. Mr. Mott from Winnipeg is the younger man. He 

is one of the many Canadians who have come to this school 

to train preparatory to entering the British aviation service. 
Yours sincerely, 


JAMES HARTNESS. 


BIRMINGHAM SECTION INSPECTION TRIP 


Our new Section at Birmingham has formed the opinion 


that not only is the “ inspection trip” type of meeting bene- 
ficial to the members, but that it has also a great value in the 
stimulating of interest among the manufacturers and managers 
of large works and will do much toward bringing the engineer- 
ing profession into public notice and recognition. 

The 
September 16, 


first meeting of the Section tor this held on 


season, 


was of the nature of an inspection trp 


through two of the local manufacturing establishments, and 


R. E. 


one of the best the Section has had and reports that the next 


Brakeman, chairman, considers that the meeting was 














Vacuum Pans ParTIALLY ERECTED AT WorRKS OF COYNE AND 


JouBerT Founpry Co. 
trip is looked forward to with interest. Brakeman’s 
own words: 


In Mr. 


The members of the Section met at 1:30 p.m. at the Tut- 
wiler Hotel, where automobiles were in waiting to carry them 
for the trip. ; 

The first stop was made at the Avondale Works of the 
Continental Gin Company, which has two factories and its 
central office in Birmingham. Mr. R. S. Munger, a pioneer 
developer of ginning machinery, and his two sons met the 
members and escorted them through the plant. We first vis- 
ited the experimental laboratory, where a four-gin unit was 
set up for our inspection. The principal features of con- 
struction and design were explained to us, the unit was put 
into operation, and the members were given an opportunity 
to see cotton ginned and baled. 

From the laboratory we were taken through the factory 
and shown how the saws were stamped out, how the fine teeth 
were made and how these teeth were filed and sharpened. 

The next factory visited was the plant of the Coyne & 
Joubert Foundry Company. This company makes a spe- 
cialty of large loam castings and at present is engaged al- 
most entirely on orders for sugar-making machinery. The 
illustration shown gives an idea of the large size of castings 
made in this shop; these vacuum pans range from 12 to 15 ft. 
in diameter. The general manager, Mr. Goslin, conducted 
our party through his shop and showed every part of the 
works to us. 




















APPLICATIONS FOR MEMBERSHIP 


M EMBERS are requested to serutinize with care the fol 


for membership in the Society. 


lowing list of candidates who have filed applications 


These are subdivided accord 
ing to the grades for which their ages qualify them, 
the 


those under the first heading place them under either Member, 


and not 
with regard to professional qualifications, i.e., 


ages ol! 


Associate or Associate-Member, those in the next class under 
Associate-Member the 


Applications for change of 


or Junior, and those in third ynder 


Junior grade only. grading are 


also posted, 


The Membe rship Committee, and in turn the Council, urae 
NEW APPLICATIONS 
FOR CONSIDERATION \ MEMBER, ASSOCIATE OR ASSOCIATE MEMBER 
AKIMOFF, N. W., Mechanical Engineer, 
Dynamic Balancing Machine Co Philadelphia, Pa 
BROWN, Lewis K., Vice-President, 
The Burton-Townsend Co., Beverville, Ohic 
BRYAN, Abert H., Supervising Chemist, 
Arbuckle Bros New York 
CARRELL, Wittiam A., In charge of Tractor Motors 


International Harvester Co., Milwaukee, W 


CASHEN, Henry 
rhe Bradley 


c 
«& 


. Master Mechanic, 
Hubbard Mfg. C 


0 Meriden, Cor 


CHISHOLM, CHuarLes R., 


Cristobal Shops, Panama Canal, Cristobal, C. Z 
CROCKER, Ernest B., Mechanical Engineer, 

The Ashcroft Mfg. Co., sridgeport, Conn 
FLYNN, CHARLES A., Superintendent, Park Row Building, New York 
HERNON, Joseru L., Superintendent of Engineering, Repair Dept., 

Douglas Robinson, Charles S. Brown Co., New York 
IMESON, Cuarves V., Resident Engineer for 

“ The Quebradas Co.,’ La (Quebradas, Guatemala, C. A 
JACKMAN, CHESTER C., Factory Manager, 

Massachusetts Saw Works Springtield, Mass 
KENDALL, Myron A., Chief Engineer and Superintendent, 

Stephens-Adamson Mfg. Co., \urora, Il 
LANDFEAR, Georce H., Works Engineer, 

Kathodion Bronze Works, Nyack, N. ¥ 


LINKER, HARRISON 8&., 


Squad Foreman, Drawing Room 
Cambria Steel Co 


Johnstown, Pa. 


McJILTON, Joun P., Designing and Inspecting Engineer 


Locomotive Superheater Co., New York 
MUELLER, Hermann, Manager Laidlaw Sales Dept., 

Worthington Pump & Machinery Corp., Cincinnati, Ohio 
PERRY, OLiver N., Mechanical Engipeer, 

Ashcroft Mfg. Co., Bridgeport, Conn 
PUGH, ACHILLES H., President, 

The A. H. Pugh Printing Co., Cincinnati, Ohio 
RADDANT, Wavrer C., Chief Engineer, 

Elia Sugar Co., Elia, Province de Camguay, Cuba 


RANDEL, B. F., Mechanical Engineer, 
Los Angeles Gas & Electric Corp., 


RENKIN, WiLtiam O. 


Los Angeles, Cal 


. Chief Engineer, 


A. M. Byers Co., Pittsburgh, Pa. 
SCHATZ, WittiaMm J., Lubrication Engineer, 
Piatt & Washburn Co., New York 


SHARPE, 
New 


GEORGE H., 
York Central 


Mechanical 
Railroad, 


Engineer, 
New York 


SHAW, Joun C., In charge Special Design, 
Keller Mechanical Engraving Co., trooklyn, N. Y 
STEVENS, Epson M., Consulting Engineer, 
Stevens & Stiles, Kansas City, Mo. 
STINSON, Irvine J., Chief Draftsman, 


American Steel & Wire Co., New Haven, Conn 


STRENG, Lewis S., Superintendent Electric Dept., 
Louisville Gas & Elec. Co., Louisville, Ky. 


WAGENSEIL, Epcar W., with Burke Furnace Co., Chicago, III. 


WILLIUS, Gustav, Jr., Mechanical Engineer, 


Robinson, Cary & Sands Co., St. Paul, Minn. 
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ths membe rs to assume their share of the re sponsibility of re- 


ceiving these candidates into membership by advising the 


Ny 


cretary promptly of any one whose eligibility for member- 


ship wom any way questioned, All correspondence in regard 
to such matters is strictly confidential, and is solely for the 
vood of the Society, which it is the duty of every Member 
to promote. Unless objection is made to any of the eandi- 
dates posted by December 10, 1916, and providing satisfactory 
replies have been received from the required number of refer- 
ences, these candidates will be balloted upon by the Council. 


Those elected will be notified about January 15, 1917. 


WILSON, Josern H., Assistant to General Superintendent, 
® The American Rolling Mill Co Middletown, Obio 
FOR ONSITDERATION AS \ or ATE-MEMBER OR TUNIOR 
BACHMEYER, Water G,. C., formerly with Walter Kidder, 
Engineer and Constructor Ne York 
BAKER, Donaup A., Chief Tool Designer 
Williams Mfg. Co., Ltd., Montreal, Canada 
BARKELEW, James T 
Engineer and Patent Attorney, Los Angeles, Cal. 
BAUMGARTNER, Artruur A., Draftsman 
Thomas Devlin Mfg. Co Burlington, N. J 
BAYLIS, Joun R. Manager Water Works Jackson, Miss, 
BIGELOW, CarLe M., Efficiency Engineer, 
Cooley & Marvin Co Boston, Masa. 
REWER, ALLEN F., Inspector, Appraisal Dept., 
Board of Public Utility Commissioners, State of New Jersey 
Newark, N. J. 
CHUCAN, Jounn, Designer, Tractor Works, 
International Harvester Corp., Chicago, Ill 
ELSTON, Sipney B., Chief Draftsman 
Climax Mfg. Co., Corry, Pa 
FINN, STEPHEN M., Assistant Engineer, 
American Engineering Co Philadelphia, Pa 
HEEKIN, Danie. M., Superintendent, 
The Heekin Can Co., Cincinnati, Ohio 
HUXFORD, Georce T., Designing Engineer 
Builders Iron Foundry Providence, R. I, 
JOLLNSON, ASHMORE C 
With Coatesville Boiler Works Philadelphia, Pa 
KEENAN, WALTER M., Assistant to Mechanical Engineer, 
New York Edison Co., New York 
KOSSIF, Nissim, Engineer of Tests 
Schaum & Uhblinger, In Philadelp! Pa 
MARSH, Francis G., Lieut. (Jr. Grade). U. S. Navy 
Post Graduate Course, Columbia University, New York 
SHANLEY, FrReEpeERIcK R., Efficiency Engineer 
Staff of L. V. Estes, Inc Chicago, IL 
WOLFF, WILLIAM 8., Graduate, 
University of Minnesota, 1916, St. Paul, Minn 
FOR CONSIDERATION AS JUNIOR 
A\AGAARD, ArtHur H., Instructor, Steam & Gas Engineer, 
College of Mechanics and Engineering, University of Wis 
consin, Madison, Wis 
AMES, Joun H., Engineering Division, 
The Lunkenheimer Co., Cincinnati, Obto 
BARKER, Georce §8., Draftsman, 
Niles-Bement-Pond Co., New York 


DIETRICH, Frep C., Assistant 


to Chief Engineer, 
Stanaard American 


Dredging Co., Oakland, Cal, 


EBERHARDT, Jonn D., Draftsman, Plan Dept., 


Associated Factory Mutual Ins. Cos., toston, Mass 
EHRHARDT, Jonn J., Assistant Engineer 

American Sugar Kefining Co., Brooklyn, N. Y. 
HENLEY, Erv K., 2nd Assistant Engineer, 

Naval Auxiliary Service, U. 8. S. “ Nereus,” New York 
HOBART, James C., Jr., 

The Le Blond Machine Tool Co., Cincinnati, Ohto 
HORN, NorMawn E., 

On staff of Walter RB. Snow & Staff, Boston, Mass. 
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HI gr hinabed peste 1)., Rate Setter, iis so SUMMARY SHOWING AVERAGE AGE AND POSITIONS OF 
serman-American Button Co., Rochester, APPLICANTS ON BALLOT CLOSING SEPTEMBER 26, 1916 
KENT, Ronerr W Industrial Engineer, 
Cooley & Marvin Co., Boston, Mass Average Age of App ints 
KRAMPE, livco J \ 
, ombers 
With Armstrong Cork & Insulation Co. of Pittsburgh, Pa., ewe 9 44 
Cincinnati, Ohio ssoclates ? . 1) 
\ssociate-Members 34 
PROZAN, Moses, Draftsman, Juniors 24 
brunswick Refrigerating Co., New Brunswick, N. J : , 
Classifications of Positions el 
SHETLAND, Water A., Industrial Engineer, Cadet Engineer 1 
Remington Arms & Ammunition Co., Bridgeport, Conn Chemical Engineers 2 
WOOD, CuarLes E., In charge Erection New Foundry, Chemical Engineer (Asst 1 
Lunkenheimer Co., Cincinnati, Ohio Chief Engineers 
WOODCOCK, WittiaAM E., Special Apprentice, Chief Enginee r (Asst.) 1 
ew York Central R. R., West Albany, N. ¥ Commercial Engineer 1 
Consfruction Engineers 7 
WOODWARD, Hiram W., with Alex. Brown & Sons, Baltimore, Md Construction Engineer (Asst.) 1 
Consulting Engineers 7 
Cons. Marine Engineer 1 
APPLICATIONS FOR CHANGE OF GRADING Designers 1 
Draftsmen , 15 
lbraftsmen (Chief) rl 
PROMOTION FROM ASSOCIATE-MEMBER lDbraftsmen «Asst. Chief) > 
LUNDGREN, Freperick G., Master Mechanic & Efficiency Engineet on coheed a at 4 
American Car & Fdy. Co., Milton. Pa tlectrica Engineers 9 
‘ Experimental Engineer 1 
Engrg. Examiner l 
Executives (Pres., Vice-l’res lreas., Secys., Mgrs 4 
PROMOTION FROM JUNIOR Ilead Educational Dept I 
Industrial Engineers 2 
BAILLIERE, Manion V., Mechanical Engineer, suapecners : 
ew York Central R. R. Co., Cleveland, Ohio Inspector (Asst.) l 
Laboratory Asst 1 
DAUCHY, SAMUEL E., General Superintendent, Mechanical Engineers 2S 
Worcester Mfg. Co., Worcester, Mass Mechanical Engineers (Asst.) 14 
. : , Operating Engineer 1 
GILLAN, Howarp A., Assistant Engineer with Consulting Engineer, “id du the nD ene r 1 
Union Pacitic System, e or mee eephesenes — 
‘ yatem New York Professors (Asst.) 4 
KOCH, WitiiamM H., Jr.. Consulting Engineer, Sales Engineers... . Ss 
Staff with Meyer, Morrison & Co., Inc., New York Sales Engineer (.Asst.) 1 
Students ° 
RI H ARDSON, Grorcer P., Assistant Engineer, Superintendents 15 
sbell-Porter Co., Newark, N. J. Superintendents (Asst.) 7 
RUPPEL, Ricwarp, Chief Engineer, Safety Engineers - - 
J. Byers Holbrook (Griggs & Holbrook), Consulting Engineer Steam Engineers : 
New York Supervising Engineers 4 
7 oo Service Engineer.. 1 
if NDERWOOD, CHARLES ics Head Time Study Department, ; Spel. Exper. Engineer 1 
Remington Typewriter Works, Ilion, N. ¥ Utility Engineer... ! 
Works Manager... 1 
SUMMARY Works Manager (Asst.) 1 
Ballistic Engineer (Asst.) 1 
New Application AGvisety Maginect 
} d ations ree ee ee id ‘ . 2¢ ic 
Applications for change of grading: Master Mechanic. 1 
Promotion from Associate-Member 1 Manufacturer : 
Promotion from Junior - Junior Mechanical Engineer 1 
da Miscellaneous 1s 
rotal 73 Unemployed 4 
GEOGRAPHICAL LIST 
(Applications for promotion will be indicated by the initials of the grade) 
California Massachusetts Koch, W. H. Jr. (J) 
Los Angeles— Barkelew, J. ¥ Boston—-Bigelow, C. M eee gg “ I 
Randel, B. F. Eberhardt, J. D ee le er 
Oakland—Dietrich, F. C Horn, N. E achat , Ww 1 
Kent, R. W Schatz, W. . 
Canal Zone Spring field—Jackman, CC. C Sharpe, G H 
ms . Worcester—Dauchy, S. E. (J) Vyack—Landfear, G. H 
Cristobal—Chisholm, C. R . . a eee Rochester—Hulburt, W. D 
P l ‘oO On W be 
isainiie nihil W. Albany—W oodcock, I 
Vontreal—Laker, D. A. St. Paul Willius, G. Jr Ohio 
Wolff, W s Beverville Brown, L. K 
Central America Mtestestnnl Cincinnati—Ames, J. H. 
ae ississippi Heeki D. M 
Las Quebradas son, ¢ € n, M. 
s Quebrade Imeson, _# Jackson—Baylis, J. R Hobart, J. C., Jr. 
Oomnectic Krampe, H. J 
onnecticut Dbtesshent Mueller, H 
Bridgeport—Crocker, E. B : . . Pugh, A. H 
anor. OM Kansas City—Stevens, FE. M Wood CE 
Shetland, W. A. N ; Clereland—RBailliere, M. V. (J) 
Veriden—Cashen, I. C. ~~ Viddietown—Wilson, J. H. 
Vew Haven—Stinson, Ll. J. Burlington saumgartner, A. A 
Vew Brunsawick—Prozan, M. Pennsylvania 
Cuba Newark sSrewer, A. F. Corru—F ston, 8S. B 
: i . . Richardson, G. P. Johnatown—Linker, H. 8. 
Elia—Raddant, W. C. Vilton—Lundgren, F. G. (A. M.) 
THlinois New York Philadelphia—Akimoff, N. W 
trook Shrhe¢ Finn, S. M. 
1 urora—Kendall, M. A. Brooklyn—Ehrhardt, J. J. Johnson, A. C 
° Shaw, J. C. egonnson, A. 
Chicago—Chuean, J. Jiion—Undere od C N. (J) Kossif, N. 
Shanley, F. QR. re i je Roady ae Pittsburgh—Renkin, W. O 
Wagenseil, E. W New York sachmeyer, W. G. C. 
a a Rhode Island 
ole tryan, A. H. . — 
Kentucky ican < A Providence Huxford, G. T. 
Louisville—Streng, L. 8. Gillan, H. A. (J) 
¥ Henley. E K. Wisconsin 
Maryland Hernon, J. L. Vadison—Aagaard, A. H. 
Baltimore Woodward, H. W. Keenan, W. M. Viliwaukee Carrell, W. A 























PERSONALS 


ri these columns are inserted items concerning members of W H. Ba mn . former " th ook ru " = ( NP ny. 
the Society and their professional activities. Members . - : ne ao aa — - : lie — nbed - 
are always interested in the doings of their fellow-members, e Canadian Steel Corporation, Ltd., at Ojibway, Ontario, ¢ 

and the Society welcomes notes from members and concerning 

members for insertion in this section. All communications of JosepH Esnerick has resigned as manager of the valve and spe 
personal notes should be addressed to the Secretary and items |. * | 7 seco aet oa a : a hia aioli oem ge me a = 


should be received by the 18th of the month in order to appear Roller Comsnat National Steam Pump Compat ind the J 


in the succeeding issue of The Journal. n} 
CHANGES OF POSTTION CLAUDE M. Barro who for t past five 
wi cultivating the \ustrala 1 irket rr wi ipplic TT 
I. Ss. Ka rmerly draftsman with the New York Edison ¢ me ind raw materia med ' ng 
” Sew Yorl bes become a@ifiated with The Darton PF nut ising engineer with ¢ , M. Terr I s \u 
Licht ¢ ae chien a with offices in New \ I Mr. Lar n nti 
teal W at I i¢ nv. Ne \ } n | ity 
nsulting engineer 
l W Kt rofessor of mechanical engineering at the Lou ina 
State Ur rsit taton Rouge La has become identified with the 
u ‘ e Sug Corporation, Havana, Cuba ANNOUNCEMENTS 
PHOMA RictHanpson has entered the employ of Franco-Swiss Dyes Monris KInp has become issociated wit the Hercule Cement 
In New York Ile was formerly connected with W. S. Barstow and Corporation of Philadelphi: a 
Company of New York, in the capacity of chief draftsman 
CROSBY FIELD-FRANE imnounces that i i rdance Ww 
l W. Rows rmerly in the employ the Erie Railroad Cor rt decision ~ , = ros m : 
u New York has accepted the position of chief engineer of The 
Super Comppat New York \. W. Footer, president of the Foote-Burt Company, Cleveland, 0 
ilders of drilling machinery, has been elected president « the Il. A 
S. HB. Ti formerly identified with the Scientific Materials Com sonter Company, SUtemene Sulicers of Clevemnd, © 
pany pitt irgl a has become manager of The ruvin Company 
s engineet f the same city Ross ANDERSON, manager of production of the Poole Engineering 
ind Machine Company, Baltimore, Md., has assumed genera inage 
Joun Hl. Wyse, formerly identified with the Montreal Locomotive ment of the shops and has been given the title of works manage! 


Works, Ltd... Montreal, Que, Canada, in the capacity of manager, has 


ome associated with the American Locomotive Company, New York Ronert E. Ha, vice-president of the Goulds Manufacturing Co 
pany, located formerly at Seneca Falls, N. ¥ is now in charge of the 
Hernenr C. Hexvrer has resigned his position with the Otis Eleva Chicago office and Northwestern territory, with offices at 12 8. Clinton 
r Company, Harrison, N. J., as shop engineer of escalators, to accept St., Chicago, Il 
thre position « manager of the printing and engraving business of 


Rosert R. McKecunikr, who has acted for many years as mechani 
al engineer and assistant to the general manager of The Variety Iron 


\irnexn V. Mover has resigned his position as mechanical engineer and Steel Works Company, Cleveland, ©., has resigned his services with 
with The Geo. T. Ladd Company, Pittsburgh, Pa. to assume the duties that company 


of chi draftsman and assistant chief engineer of Struthers-Well< 


Company, Warren, [a Cary T. Hvurcninson has been selected as the executive secretary 


of the Engineering Foundation to represent the engineering professions 


Prank A. Bere has resigned from his position as professor in in the organization of the National Research Council proposed by the 
power plant economics and design at Pennsylvania State College, to National Academy of Sciences 
issume the responsibilities of director of a school of automobile engi 


neering in Brooklyn, N. ¥ GeEorGE S. HESSENBRUCH has left the employ of the Union Electric 


Light and Power Company and the St. Louis County Gas Company, St 


Ronerny W. Morse has resigned as assistant examiner in the United Louis, Mo., and has opened offices in the same city for the practice of 
States Patent Office, Washington, D. C.. and has accepted a_ position gas engineering, with special attention to the by-product end 


as patent attorney with the firm of Foster, Freeman, Watson and 


Co shingto : 4 . 
it, Washington, D. ¢ Guy L. BayLey, who was chief of the mechanical and electrical de 


partments of the Panama-VPacific International Exposition, has opened 


W. LL. Beax, formerly mechanical engineer with the Oxweld Rail an office as consulting engineer in the First National Bank Building, 
road Service Company, Chicago, IIL, has accepted the position of ex San Francisco, Cal. Mr. Bayley is at present engaged in building an 
pense and method analyst with the New York, New Haven and Hart hydroelectric plant for the Department of the Interior in the Yosemite 
ford Railroad Company, Boston, Mass. Valley on the Merced river 

Hf. S. DickKeRSON, until recently assistant professor of mechanical! W. P. Bara, vice-president of the Midvale Steel Company, Phila 

) I I I 
engineering at Purdue University, Lafayette, Ind., has been appointe: delphia, Pa., has severed a many years’ connection with that company, 
professor of mechanical engineering at the School of Mines and Metal during which he has occupied many positions of responsibility He 

I y | I : 
lurgy of the University of Missouri, Rolla, Mo plans to spend some time in travel and later will engage in special 


work for which his long experience has fitted him, such as the manu 


_ . . - facture of ordnance, guns, armor plate and high grade shell products 
fanny A. Arwarer has assumed the position of fuel engineer with . . , ©, 8 Pp - ae ! produc 


the Central Coal and Coke Company, Kansas City, Mo. He was until 
recently in the employ of the Union Stock Yard and Transit Company, Cc 


bg ARL L. SVENSEN opened an evening school of drafting, on October 
Chicago, Ill, in the capacity of mechanical engineer. 


3, to be known as the Ohio Technical Drawing School, in Columbus, O. 
rhe purpose of the school is to furnish an opportunity for draftsmen, 


ALEX. VALLANCE has accepted the position of assistant professor of machinists, pattern makers, molders and others engaged in mechanical 
experimental engineering at the Georgia School of Technology, Atlanta, lines to study drawing as a means to increasing their earning power 
Ga. He was until recently instructor of theoretical and applied The addition of courses in mechanism, mechanics and strength of 
mechanies at the University of Illinois, Urbana, IN. materials and machine design is planned for the near future 
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Forp W. Harris of Los Angeles, Cal., who has been Acting Secre 
tary of the Los Angeles Section of this Society since its inception, was 
on October 5, 1916, admitted to practice law before the courts of the 
State of California. Mr. Harris is, therefore, in addition to being a 
member of this Society and a Fellow of the American Institute of 
Electrical Engineers, an attorney-at-law. Mr. Harris’ practice is, how- 
ever, limited to patent generally involve in a large 
measure engineering questions 


which 


causes, 


APPOINTMENTS 


HAZEN G. TYLER has been appointed instructor in mechanical en- 
gineering at the Rensselaer Polytechnic Institute, Troy, N. Y. 


CHARLES M. REED has been appointed instructor in marine engi 
neering at the United States Naval Academy, Annapolis, Md. 


WALTER MACGREGOR has been appointed general manager of Plant 
No. 4 of the Timken Detroit Axle Company, located in Canton, O 

S. R. WILLOcK, who has been assistant general manager of sales of 
The William Tod Company, Youngstown, O., since June, 1915, has 
been appointed general manager of sales, vice R. D. Day. 


AUTHORS OF PAPERS, ETC 


WILLIAM KNIGHT has contributed an article on The Mechanical 


Design of Turbo-Generators to the October 17 issue of Power. 


JOHN YOUNGER has contributed a brief article on 


Inspecting High- 
Grade Gears to the October 5 issue of the American 


Vachinist 


W. E. Moore has contributed an article on One-Man, Light-Weight 


Electric Railway Cars, to the October number of The Electric Journal 


W. H. Timeie is co-author with H. H. 
sued, on Alternating Current 
dustry 


Higbie of a book, recently is- 
Electricity and its Applications to In- 


C,. F. HIRSHFELD and T. C. 
on Steam Power. 


ULBRICHT are joint authors of a book 
This is one of the John Wiley and Sons’ technical 
series of books for vocational schools. 


WALTON CLARK, president of The Franklin Institute, is the author 
of A Century of Light, graduating address of the Institute’s school, in 
the October Journal of The Franklin Institute. 


JOHN E. ERICSON, city engineer of Chicago, was among the speak- 
ers at the October 6 “ membership booster dinner” of the 
Association of Engineers, held at the City Club, Chicago, Ill, 


American 


JOSEPH A. STEINMETz, president of the Aero Club of Pennsylvania, 
presented a paper on Aerial Warfare and Some Devices Terrestrial and 
Submarine at the October 26 meeting of the Engineers’ Club of Tren- 
ton. 


FRANK B. GILBRETH, expert on management and time-study work 
gave an illustrated lecture on Motion Study 
Least Waste, at 
Society. 


The Science of Obtaining 


the October 20 meeting of the Detroit 


Engineering 


WILLIAM C, L. EGLIN presented a paper entitled Power Company's 
Problem in the Electric Supply for Large Single-Phase Loads at the 
October 13 meeting of the American Institute of Electrical Engineers 
held in Philadelphia, Pa 


G. LAURENCE KNIGHT presented a paper at the October 12 meeting 
of the Brooklyn Engineers’ Club on The Construction of the Founda- 
tions for Two Large Turbo Generator Sets and for a Building under 
Similar and Difficult Sub Surface Conditions. 


Morris L. COOKE, acting director of the Utilities Bureau, Phila- 
delphia, Pa., delivered an address before the City Club of Chicago on 
October 10, on The City and Its Public Utilities, in which he showed 
the need for the bureau and its work and made a plea for its support. 


Epwin D. Dreyrus is the author of Graphic Analyses of Manager- 
ial Problems which appears in the October 7 number of Electrical 
World. The author cites instances when curves and diagrams are of 
great practical value in facilitating the solution and understanding 
of the problems of investment, revenue and expense. 


SOCIETY AFFAIRS 


He JOURNAL 
Am.Soc.M.E. 


NECROLOGY 


HENRY FISLER RUGAN 


Henry 


Fisler Rugan was born in Philadelphia, July 7, 185 
and died in New Orleans, September 3, 1916. 


’ 


In 1864, his parents removed to Terre Haute, Indiana, where 
Later he at- 
tended Smithson College, Logansport, Indiana, where he com- 


he received his education in the public schools. 
pleted his studies. He left college to become an employee of 
the Terre Haute and Indianapolis Railroad in Terre Haute as 
an apprentice-machinist, remaining with the company until 
1880, in the meantime advancing to the position of foreman of 
one of the erecting gangs. 

After two years, spent in various parts of the eountry work- 
ing for several railroads, he returned to Terre Haute to accept 
He 


remained with the Institute for nearly three years, leaving it 


a position of instructor in the Rose Polytechnic Institute. 


to accept the position of foreman of the railroad shops of the 
lle con- 


tinued with this road for five years, advancing to a position 


Texas and Pacific Railroad at Big Springs, Texas. 
where he had charge of a division and was located in Long- 
view and Marshall, Texas, and in Gouldsboro, Louisiana. 

Leaving railroad work, he became identified with the sugar 
industry as chief engineer and superintendent on several large 
plantations of Louisiana, 

In 1895, Professor Rugan accepted the position of Instructor 
New 
Here he spent the last twenty-one years of his life. 


in Mechanie Arts at Tulane University of Louisiana, in 
Orleans. 
He was soon advanced to the grade of Assistant-Professor, 
later to that of Associate-Professor and finally to that of Pro- 
fessor of Mechanie Arts. 

He spent the year 1898-9 in Europe, most of the time at 
Manchester University, where he, in collaboration with Pro 
fessor Carpenter of that institution, conducted extensive re 
search work upon The Growth of Cast Irons After Repeated 
Heatings. The results of the work were published in the 
the Steel 1909. <A further 
paper in the same Journal in 1912 was devoted to details of 
this work. 


Journal of Iron and Institute, 


Professor Rugan was also a contributor to the 
diseussion of similar problems in this Society. 

Mr. Rugan was devoted to the Masonic order, and received 
many honors from that organization. 

He became a member of the Society in 1900. 


ROBERT CAIRD 


Robert Caird, a managing director of the old family ship- 
building and engineering company of Caird & Co., Greenock, 
Scotland, was born on May 22, 1852. He was educated at 
the Grange School, Sunderland, at the Greenock Academy, 
and at Glasgow University. He entered his father’s works as 
an apprentice-engineer, continuing at this time for eleven 
years in the business. The years of 1881-2 he spent with the 
Maritime Construction Co., of Havre, and in the two follow- 
ing years was engineer-in-charge of construction for the Pull- 
man Co. of Chicago. In 1888 he returned to his father’s busi- 
ness and became one of the managing directors, taking special 
charge of the engineering department. 

Dr. Caird was a member of the Royal Society of Edinburgh, 
the Institute of Metals, the Philosophical Society of Glasgow 
and the Philosophical Society of Greenock, and became a 


member of the Institution of Civil Engineers in 1900. From 
1899-1901 he was president of the Institution of Engineers 


and Shipbuilders in Scotland. 
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In 1900 Glasgow University conferred upon him the hon- 
orary degree of Doctor of Laws. This was a well-merited dis- 
tinction, and in bestowing it upon him the Faeulty of Law 
gave the following reason: “ His eminence as a shipbuilder 
has already won for him the gold medal of the Institution of 
Engineers and Shipbuilders in Scotland and the president- 
ship of that important body. The University which possesses 
the only British Chair-of Naval Architecture may well asso 
ciate herself with the Royal Society of Edinburgh in marking 
her appreciation of Mr. Caird’s valuable contributions to this 
branch of apy lied science. We cannot keep out of view the 
interest which Mr. Caird has displayed in the present move 
ment for the improvement and extension of the scientifie side 
of the University. Mr. Caird is not merely a practical man. 
Following the early traditions of Scots students, Mr. Caird 


In 


the course of several years’ residence abroad he acquired an 


completed on the Continent the education he began here. 


intimate and extensive acquaintance with the language and 


literature of France, Germany, and Italy, and he was also 
privileged to carry on important investigations in the domain 
His 


this department were recognized in 1895, when he 


of history and art under the direction of Mr. Ruskin. 


labors i 


was created a Knight of the Crown of Italy. His papers, lee 


tures and addresses on the subject in which he is 


solid 


interested 


display not merely erudition, but marked literary 


charm.” 

Dr. Caird was a close student of the work of James Watt, 
and in 1910 delivered the Watt Anniversary Lecture before 
the Greenock Philosophical Society. This lecture was a char 
acteristically scholarly memoir of Watt’s contributions to the 
advancement of engineering. Dr. Caird was much interested 


in technical education, and was the author of several mono 
graphs on this subject, including The Study of Science in Re 
lation to Education and Technical Education. 

He was an active supporter of institutions in the city of 
Greenock. He was prominent in the founding of the James 
Watt Memorial School, and took the part of a captain of in 
- dustry in connection with a number of local business and phil 
anthropie institutions. 

He was elected to membership in the Society in 1884. 


He 


died at his home at Greenock on December 1, 1915. 


ELMER NEILL STACY 

Elmer Neill Stacey was born on December 11, 1876, in Min- 
neapolis, Minn. He received his early education at the District 
School and the Central High School, Minneapolis, and was 
graduated from the College of Engineering, University of Min 
nesota, in 1907. Before entering, college he spent about three 
years in the drafting department of the Plano Manufacturing 
Company at West Pullman, IIl. 


ployed by the Minneapolis Threshing Machine Company as 


After graduation he was em 


draftsman and designer, and did considerable work on the test- 
ing floor. About June, 1908, he associated himself with the 
Decarie Incinerator Company as assistant to the general man- 
ager, and in March, 1909, he became general manager of the 
company, directing the design.and construction of refuse dis- 
posal plants. 

In April, 1914, the Stacey Bates Company was organized 
with Mr. Stacy as president, and arranged for the exclusive 
sale of the Decarie Incinerator Company’s plants. He joined 
this company and performed the same work as with the Decarie 
Company. 
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Mr. Stacey was a member of the Sigma Ni and the Iau Beta 
Pi Fraternities. He became a member of the Society in 1911. 


He died on September 9, 1916. 


ROBERT COCHRAN MCKINNEY 


Col. Robert Cochran MeKinney was born at Troy, N. \., on 
L916 
1861 to Cincinnati, where he attended the publi 
Woodward High 18 


In 1872 he entered Cornell University and took a partial course 


January 20, 1852, and died on October 3, His parents 
moved in 
schools and School until years of age. 


in mechanical engineering. Following this he was employed at 
Hlamilton in the drafting room and office of a company manu 
facturing steam pumping machinery. 

In 1877, Mr. McKinney Niles 
Tool Works. Within ol 
the company and a little later treasurer and general manager. 
Under his skillful the until the 


business was recognized and capitalized at $2,000,000. Shortly 


became associated with the 


two vears he was elected secretary 


management company grew 
after this, when it was necessary to secure additional property, 
the plant and the business of the Cope and Maxwell Manu 
facturing Company whose 


bought by the Niles Tool Works Company ; 


products were steam pumps was 
later the machinery 
and business of the Cope and Maxwell Company was sold to 
another corporation and became a part of the International 
Steam Pump Company. 

In 1898 the Niles Tool Works Company purchased control 
of the Pond Machine Tool Company of Plainfield, N. J., the 
the works of 


Bement, Niles & Company of Philadelphia, Pa., as well as the 


purchase being supplemented by options on 


Philadelphia Engineering Works. The company thus created 
is known widely as Niles-Bement-Pond Company, of which 
Colonel McKinney was president. 

Other purchases have been made by this company including 
the Pratt & Whitney Company cf Hartford, the Bertram Com 
pany of Canada and the Ridgway Machine Company of Ridg 
way, Pa. 

Colonel McKinney was a member of the Union League Club, 
New York, the Hart 
ford Club of Hartford, and the Queen City Club of Cinein 


Sotos, Engineers’ and Cornell Clubs ot 
nati, and was president of the Machinery Club of New York. 
He became a member of the Society in 1890. 

FRANKLIN MCMILLAN STANTON 


Franklin MeMillan Stanton born in New 
on May 23, 1865, and died on September 12, 1916. 


was York City 

Following a course ot publie school instruction, he entered 
Columbia University, graduating from the School of Mines in 
1887. 


surveyor and assayer for about two years, when he decided to 


He immediately took up his profession, working as a 
embark in the mining field on his own account. The under- 
taking proved successful and led to his long connection with 
the Superior companies. 

After a few years he was offered a position with the Atlantic 
Mining Company, which he accepted, soon advancing to the 
of He that 
twenty-three years, improving mining methods and creating 


post superintendent. served in capacity for 


what was considered one of the best organizations in the min- 
ing field. 
Because of failing health, Mr. Stanton retired in 1910, 
visited most of the European countries and availed himself of 
the opportunity to study the mines of the Continent. 
In 1914 he became treasurer and director of the Mohawk 
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Mining Company, the Wolverine Copper Mining Company, 
whieh controls some of the best territory in America’s principal 
copper «distmet and the Michigan Copper Mining Company. 
lle was also treasurer of the White Pine Extension Copper 
Company which has recently been organized. 

In addition to his activities in the mining field, Mr. Stanton 
was identified with several other enterprises. He was presi 
dent and a director of the Ft. Mountain Tale Company, whieh 
operates a mine in northern Georgia, where tale abounds, and 
the National Houghton, 
Mich., the Oho and Kentucky Railroad, which penetrates the 


was also a director ot First Bank, 
coal region of those states, the Copper Range Co., ete. 

A large number of professional, social and patriotic organ 
izations included Mr, Stanton in their membership. He was a 
member of the American Society of Civil Engineers, American 
Chemical Society, American Forestry Association, American 


Institute of Mining Engineers, American Revolver Association, 
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American Mining Congress, Life Membership; American So 
ciety for Prevention of Cruelty to Animals, American Museum 
of Natural History, Burns Society, American Automobile As 
sociation, Psi Upsilon Fraternity, Lambda Chapter; Washing 
ton Continental Guards, The Navy League of the United States, 
Life Membership; Seventh Infantry N. G. N. Y., Regimental 
Mess, Lite Membership; Seventh Regiment Veteran and Active 
League, Society of Upper Eighties of Columbia University, 
at. George's Society, Sons of the Revolution, society ol 
Colonial Wars, United Engineering Society, Columbia College 
Alumni, Houghton Life Infantry, Horticultural Society of 


New York, Lake Superior Mining Institute, Michigan State 


Rifle Association, Life Membership; National Security League, 
Life Membership; 


University Athletic Association. He 


National Rifle Association and the Columbia 
was also a member of a 
number of social clubs. He became a member of the Society 


in 1892. 


SOCIETY MEETINGS 


KETINGS of the Society are now being held regularly 
M at established Sections at Atlanta, Birmingham, Bos 
ton, Buffalo, Chicago, Cincinnati, Detroit, Indianapolis, Los 
Angeles, St. Paul and Minneapolis (Minnesota Section), New 
Haven, New Orleans, New York, Philadelphia, St. Louis, San 
the 
Society, which is affiliated with our Society, holds regular 


Francisco and Worcester: also Providence Engineering 


meetings. Seetions are in prospect at Baltimore, Erie, Kansas 
City, Meriden and Rochester. 


ORGANIZING A SECTION 


The Committee on Sections is anxious to have the number 
of Sections extended to all centers where the membership is 
sufficiently large to warrant the holding of regular meetings. 
In the places where Sections are now established, those par 
ticipating in the work find it interesting and beneficial, and 
much good has resulted to the individual members as well as 
to the Society. 

A Section of the Society may and preferably should coop- 
erate with and help build up the local engineering organiza- 
tions by the holding of joint meetings, and invite all members 
of such organizations and all engineers generally to its meet- 
ings. This phase of Section work has been specially well de 
veloped at several large cities represented on our Section list. 

The Society is willing to assist groups of members in the 
organizing and developing of Sections, both by appropriation 
to cover fixed expenses and by advice regarding lines of activ- 
ity. 

It is suggested that in places in which the membership in 
the Society is over twenty some member or members take the 
initiative in organizing a meeting to discuss the advisability 
of petitioning the Council for the formation of a Section. 


STUDENT BRANCHES 


The Society has now affiliated with it forty Student 
Branches, which are independent organizations of students in 
the following educational institutions: 


Armour Institute of Technology............ Chicago, Ill. 
Ee Ce ee Lewisburg, Pa. 
Carnegie Institute of Technology........ Pittsburgh, Pa 
Case School of Applied Science......... Cleveland, Ohio 


Colorado State Agricultural College Fort Collins, Colo 
Columbia University ........ New York 
Comme) University... ccccscsvess Ithaca, N.Y 


Atlanta, Ga 
Manhattan, Kan. 
eS 8 6 ere So. Bethlehem, Pa 
Leland Stanford Jr. University, Stanford University, Cal. 
Louisiana State University........... Baton Rouge, La. 
Massachusetts Institute of Technology, Cambridge, Mass. 


Georgia School of Technology. ... 


Kansas State Agriculture College..... 


ae. a ae New York, N. Y. 
ee Columbus, Obio 
Pennsylvania State College........... State College, Pa 


Polytechnic Institute of Brooklyn. 
Purdue University 


....Brooklyn, N. Y. 
Dunk Wawa Maen eae eo ae Lafayette, Ind. 
Polytechnic Institute.......... are. &. & 
State University of lowa........... 
State University of Kentucky... 


Rensselaer 
eee, lowa, la 
hares att Lexington, Ky 
eee . Hoboken, N. dé. 
N. 3 
Cal 


Stevens Institute of Technology... .. 


ee eee Syracuse, 


Throop College of Technology... Pasadena, 


University of Arkansas.............-. Fayetteville, Ark. 
Unmiverety Of Caltora@ia......ccccccevcan ferkeley, Cal 
University of Cincinnati..... ..Cincinnati. Ohio 
Rmiveraity Of Colorado... cccccccccsscsees Roulder, Colo 
University of Tilimols......cccccccsecs ...Urbana, Il 
CIMAVORIERY GE TAORONG occ nc icsscccvess Lawrence, Kan. 
SO Ec swabs pemave cs eween ee Orono Me. 
University of Michigan..............: Ann Arbor, Mich. 
University of Minnesota...........Minneapolis. Minn 
Cmavereety GF BRMOOUFL. .... ..cccccccesscc Columbia, Mo. 
University of Nebraska.................. Lincoln, Neb. 
University of Wisconsin................Madison, Wis 
Virginia Polytechnic Institute.......... Blacksburg. Va. 
to Be St. Louis, Mo. 
Worcester Polytechnic Institute........ Worcester, Mass. 
Yale University ..................New Haven, Conn. 


Johns Hopkins University has reeently held an organization 
meeting with the idea of establishing a Student Branch. 

Institutions in which the entrance requirements are equiva- 
lent to the 


eligible for Student Branches. 


those established by Foundation 


Carnegie are 
Bodies of students in the en- 
gineering departments of such colleges are invited to apply to 
the Secretary of the Society for information regarding the 
form of petition to the Council for a Student Braneh. 


It is of the highest importance in the de velopment of the 
monthly meetings of the Society, both of the Sections and of 
the Student Branches, that comprehensive reports of these 
meetings be published in The Journal regularly. 
of the 


Secretaries 


Sections and Student Branches 


are 


urged to 


make 
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every effort lo gel the complete reports of their meetings to 


the office of the Society as quickly as possible after the meet 
mags are held, and also where possible, copies of the pape rs 
presented should be sent in; if desired, the copy of the paper 
will be returned after eramination. Reports of mectings must 
he received before the 18th of the month in order to appea 
in the next issue of The Journal. 


MILWAUKEF, SEPTEMBER 15 


The first meeting of the Milwaukee Section for the season 
1916-1917 was verv encouraging. There were 183 members 
and guests present, L. J. D. Healey, chief chemist of the Fed 
eral Rubber Company, gave an interesting talk on Growing 
and Gathering of Rubber Latex. 


Following the talk, Mr. Hutchens, Chairman of the Seetion. 
arranged for those present to be conducted through the plant 
ot the Federal Rubber Company, where they were shown how 
automobile tires an@ mechanical rubber goods are made. The 


party was then shown some very interesting moving pictures 
* of the rubber industry. A surprise supper, served in the dir 
ing room of the Federal Rubber Company, concluded the 


meeting. 


Krep H 


DORNER, 


Section Secretaru 


MINNESOTA, SEPTEMBER 14 


The first meeting of the Minnesota Section for the 


seasol 
1916-1917 was held in the main engineering building of the 
University of Minnesota, at Minneapolis. Prof. J. V. Martenis. 


chairman of the Section, presided and outlined in detail his 


plans tor the work of the Seetior for the coming season. 


Working committees for the ensuing year were also appointed. 
thre recvular 
talk was given by C. W. 


Following business meeting, a very interesting 


Obert, Mem.Am.Soe.M.F.., 


the A.S.M.E. Boiler Code Committee, Secretary of 


and See 
retary ol 
Ventilating Engineers 


otf working of the Society and the method otf 


the American Society of Heating and 
on the pla 
presenting and publishing papers. 


rep <A. 


Section Correspondent. 


OTTo, 


BIRMINGHAM, SEPTEMBER 16 


The first meeting of the Birmingham Section for the season 
1916-17 was held on September 16, and was in the nature of 
an inspection trip through the Avondale Works of the Con- 
tinental Gin Company and the plant of the Coyne and Jou- 
bert Foundry Company, which makes a specialty of large 
loam castings and at present is engaged almost entirely on 
detailed 
scription of the trip appears elsewhere in this issue. 

PauL Wricut, 


Section 


orders for sugar-making machinery. A. more de- 


Secretary. 
CINCINNATI, SEPTEMBER 21 


A joint meeting of the Cincinnati Seetion of the Society 
and the Engineers’ Club was held on September 21, at which 
C. F. Mem.Am.Soe.M.E., 
ager of the Dayton Engineering Laboratories Company, spoke 


Mr. 


Kettering, assistant general man- 


on Some Present and Future Carburetion Problems. 


Kettering mentioned the enormous increase from year to year 
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in power obtained from liquid fuels, and stated that the horse 
power tor motor car engines at the present time runs mito 
many millions. He pointed to the increasing density of the 
liquid fuels that are used in internal combustion engines, pat 


ticularly in motor ear engines. Many of the difficulties of car 


buretion and of ignition that have oeeurred in the past and 
are occurring now are due, he stated, to this inereasing der 
sitv, whieh is necessitated by the enormously increasing use of 
liquid fuels. Manufacturers who are getting out a certain 


model of car will be working with a fuel which is representa 
tive of the kind that is available in the market at the time, 
put by the time the model is manufactured, the character ot 
the fuel will have changed so much as to cause ignition and 
carburetion difficulties. Mr. Wettering gave specifie instances 


of this and mentioned that such difficulties are hable to n 


crease, rather than diminish. 


Mr. Kettering traced the progress of the mixture, in an 
internal combustion engine, from the carburetor through the 
manifold into the evlinder, and throughout the operations oft 


compression and ignition. He showed the effect ot 


density upon carburetion, and in rendering the fuel lable to 
he precipitated by centrifugal action at bends in the mani 
folds. The precipitation of the heavier fuel upon the walls 
of the eylinder, where it would dissolve the lubricating fuel 
and run down past the piston, and the liability, under some 


conditions, of the water of combustion to pass by the piston, 


stated, for some remarkable cases ot water in 


aecounted, he 


the erank ease, and also for the apparent increase of the quar 
titv of lubricating oil in the crank case. 
The speaker dwelt upon the double explosion obtan ed with 


some engines using kerosene and other low-density fuels, and 


that the first of 
than 


stated these eX] losions oceurs al lower ten 


This 


earbol just 


peratures would ignite lighter liquids apparent 


paradox he explained by the catalytic action of 
released from its bond in a compound. 

He predicted a great future in this country for the Diesel 
engine, because Its action 1s very positive and manv earbure 
tion and ignition difficulties inherent in other types disappear 
in this. He believed that improvements in workmanship and 


materials used for Diesel engines would be necessary before 
great suceess would be obtained. 

He gave a short account of a recent visit to Fremont, where 
many tracters of all sizes had been tested. He analyzed some 
of the troubles encountered with these tractors. 

He concluded by stating that the many attempts being made 
displace the horse with power-operated agricultural tools were 
extremely significant, and would undoubtedly meet with sue 
cess. We have progressed beyond the point where a man will 
be satisfied with the moderate amount of power that a horse 
ean give, when he is compelled to set aside five acres of land 


He be- 


lieved that it was possible to use the forees of nature mani 


upon which to raise the feed to maintain the horse. 


fested in plant life and obtain power much more economic 


ally. When our present stores of fuels are exhausted, he be 


lieved we will have progressed to a state of knowledge to 


enable us to utilize water power in the manufacture of hydro- 


carbons which ean be stored and used for power generation 


as required, 
Joun T. Faia, 
Section Secretary. 


NEW YORK, OCTOBER 10 


the New 


on the evening of October 10, with E. 


York Seetion held 


J. Prindle in the chair. 


The opening meeting of was 
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The chairman introduced Dr. Charles L. Reese, Chemical Di- 
rector of the du Pont de Nemours Powder Co., who gave an 
instructive address on the subject of Explosives. 

Dr. Reese described the evolution of the art of manufactur- 
ing explosives for industrial purposes, from the time of the 
With 


the aid of samples of explosives and of lantern slides he 


commercial production of black powder to the present. 


traced clearly the steps in the manufacture of the nitrocellu- 
lose and also of the nitroglycerin classes of smokeless pow- 
ders, and of dynamite and blasting gelatin and their modifiea- 
tions. He detail the under 


which modern types of high explosives are manufactured. 


deseribed in various processes 

Dr. Reese followed with descriptions, particularly interest- 
ing to mechanical engineers, of the methods of testing explo- 
sives for such faetors as velocity of detonation, sensitiveness 
of high explosives, comparative strengths of explosives, ete. 

He concluded with an interesting description of the use of 
explosives for agricultural purposes, illustrating particularly 
how sub-soil of hardpan is broken up with dynamite, result- 
ing in greatly increased production of crops. 

At the close of Dr. Reese’s talk several members present put 
questions to the speaker, which he answered. A unanimous 
vote of thanks was extended to Dr. Reese for his able address, 
and the meeting adjourned. 

The meeting was preceded by an informal dinner at Offer’s 
Restaurant, where this function will be continued until further 
notice. 

The Section held a technical excursion on October 28 to the 
Ridgewood Pumping Station of the Department of Water 
Supply, Gas and Electricity, of the City of New York. 

A. D. Buake, 


Section Secretary. 


MINNESOTA, OCTOBER 12 


The Minnesota Section held its second meeting of the sea- 
son at the St. Paul Gas Light Company’s offices in St. Paul, 
Minnesota, on Thursday evening, October 12, 1916, at which 
a talk was given by Fortner of the Standard Oil] 
Company, Minneapolis, on the subject Lubricants. This talk 
was very interesting indeed, and dealt not only with manu- 


Charles 


facturing processes, but also the conditions governing the 
proper selection of an oil for any given installation. It was 
followed by a lively discussion, participated in by most of 
the members present. 


D. M. Forrar, 


Section Secretary. 


DETROIT, OCTOBER 13 


On October 13 a dinner was held by the newly-constituted 
Section of the Society at Detroit. 
present. 


There were 35 members 
The following officers were chosen by the Section 
to serve for the coming year: M. E. Cooley, president; E. C. 
Fisher, T. H. Hinchman, G. W. Bissell and J. W. Parker. 


PROVIDENCE, OCTOBER 13 


The Providence Engineering Society opened its new rooms 
on Friday, October 13, with a house-warming. The House 
Committee has been busy all summer with furnishing and re- 
decorating the rooms, which are rented from the Rhode Island 


School of Design. Their work has been well done, and with 
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the help of the generous gift of Henry D. Sharpe the rooms 
and equipment are all that could be desired for a modern 
¢lub. 

The President, Prof. Brookes, of Brown University, took 
charge of the formalities of the evening, and after an address 
of welcome, in which he outlined the proposed work of the 
club for the coming winter, he introdueed Ex-Lieutenant Gov- 
ernor Zenas W. 


spoke on The Relation of Engineering to Publie Affairs. 


Bliss, also a member of the Society, who 
Fol- 
lowing this a collation was served, and a general social time 
The 


ing augured well for the winter's activities 


concluded the evening’s programme. spirit of the meet- 
of the Society. 
ALBERT EK, THORNLEY, 


Section Necretary. 


PHILADELPHIA, OCTOBER 24 


The Section at Philadelphia had its first 
day, October 24. 


Tues 


both 


meeting on 
There was an excellent attendance of 
members of the Society and of aftihated clubs. 

Professor Wm. Catheart, formerly of the United States 
Navy, delivered a most interesting and timely address, illus 
trated by lantern slides, upon the Development of Our Fleet 
and Naval Stations. He outlined at the outset the engineer’s 
relation to modern naval war; its structures and mechanisms 

its hulls, turbines, guns, dynamos, wireless, torpedoes and 
aireraft—are his in coneeption and construction. 

Professor Catheart pointed out that, while America pos 
sessed many advantages due to its geographical position, its 
efficient devices and inventions, its up-to-date fighting faeil- 
ities and its well-trained navy, the country was decisively at 
a disadvantage due to the number of its fighting units and the 
development of its fortification equipment. The speaker be- 
lieved that our dreadnaughts should be as large as our dry 
docks. 

He described in turn the various strategie situations on our 
coasts, the use of mines and submarines, marksmanship, naval 
guns, and the organization and personnel of the Navy. 

The very spirited discussion after the meeting showed that 
engineers nowadays are giving a very important place in their 
minds to the proper defense of our seacoasts. 

W. R. JONgEs, 


Section Secretary. 


STUDENT BRANCHES 


ARMOUR INSTITUTE OF TECHNOLOGY 

A business meeting of the Student Branch of the Armour 
Institute of Technology was held on September 18. The 
resignation of L. A. King, president of the Branch, was ae- 
cepted with regret and C. R. Pomeroy was elected vice- 
president. 

On September 25, a meeting of the Branch was held at which 
several of the members gave short talks. H. Luttge spoke on 
Carburetors, O. W. Armspach on Heating and Ventilation and 
B. Robecheck on the heating and ventilating system at the 
Armour Institute of Technology. 

An open meeting of the Branch was held on October 4 which 
was devoted to social events. 

E. W. Haines, 
Branch Secretary. 
BUCKNELL UNIVERSITY 

A meeting of the Student Branch of Bucknell University 
was held on October 2. Plans for the season were diseussed, and 
it was decided to have a talk upon some engineering subject 
by a student at every monthly meeting. 
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Prof. F. E. Burpee, Mem.Am.Soe.M.E., gave a very inter- 
esting talk on the Mechanical Engineering Course, Its Scope 
and Advantage. 

C. M. Kriner, 
Branch Secretary. 


CARNEGIE INSTITUTE OF TECHNOLOGY 


The tollowing officers have been chosen to serve the Student 
Branch ot the Carnegie Institute of Technology for the year 
1916-17: Harry A. Madison, president; W. H. 
vice-president; J. Davis, secretary; A. L. Heston, treasurer. 

Hlarry A. MApison, 


Branch Chairman. 


Sturgeon, 


LELAND STANFORD JUNIOR UNIVERSITY 

A meeting of the Leland Stanford Junior University Student 
Branch was held on September 13. Following the transaction 
of business, R. W. Hope, honorary secretary of the Americar 
Institute of Electrical Engineers, gave a very interesting talk 
about his early work as assistant engineer tor the project ol 
intercommunication detween Europe and America, giving the 
routing from New York to San Francisco, up the Pacific Coast 
to Alaska with a short submarine cable across Behring Strait 
to Siberia, then to Saint Petersburg and from there to London 


A. L. Morcan, 


Branch Corresponding Secretary. 


PENNSYLVANIA STATE COLLEGE 

The Pennsylvania State Chapter opened the 1916-17 season 
on September 26 with a preliminary meeting at which the sea 
son’s programme and committees were announced. This meet 
ing was followed by a social meeting at which the new faculty 
members were introduced and invited to make addresses. These 
members inelude E. A. Fessenden, Professor of Mechanical 
Engineering; J. W. Haney, Instructor in Mechanical Engineer 
ing, and J. O. Keller, Instructor in Industrial 
members of the Society. 


Engineering, 


Hvuco Diemer, 
Branch Corresponding Secretary. 


POLYTECHNIC INSTITUTE OF BROOKLYN 

The opening meeting of the Polytechnic Institute of Brook 
lyn Student Braneh was held on October 7. Arthur Bielek, 
chairman of the Branch, presided, and told what the Branch 
had accomplished in the year just past and what it expected 
to do during the coming year. 

At the close of the business meeting Arthur Seubert, Mem. 
Am.Soce.M.E., gave a paper on Chlorination and Water Puri 
fieation. Mr. Seubert traced the history of water supply from 
the time of the Roman Empire to the present day. He said 
that while the Romans had built a complex and reasonably 
sanitary system of water supply, the peopie of the middle ages 
made no attempt to purify the water or investigate the source 
of their supply of drinking water. 

He then diseussed the use of the sand filter from the early 
days in London to modern times, and also spoke of the im 
purities in water which cannot be removed by filtering. He 
pointed out that the best method of removing these impurities 
is by injecting fine particles of chlorine into the water. 

The speaker described the apparatus designed by the Wallace 
and Tiernan Company for chlorinating water, and illustrated 
by the use of lantern slides the application of the apparatus 
to many water-supply systems. 

Frank R. STaMer, 
Branch Secretary. 
PURDUE UNIVERSITY 

On September 29, the Student Branch of Purdue University 
held an open meeting for the purpose of increasing ae 
quaintaneceship among the new students in mechanical engi- 
neering. Dean Benjamin, Mem.Am.Soe.M.E., and Professor 
Young, Mem.Am.Soe.M.E., the relation of the 


diseussed 
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Student Branch to the Society and the value of The Journal 
to members of the Branch. 

G. A. RvEss, 


Branch Corre sponding Secretary. 


UNIVERSITY OF ILLINOIS 
The University of Illinois Student Branch opened the 
semester's work on Thursday evening, September 28. About 


seventy-five members were present, which is an indication of 
activity. 

Dean Past-President Am.Soc.M.E., addressed the 
meeting, his theme being A High Standard for the Engineering 
Profession. 


Cross, 


He urged the members to be active in the affairs 
of the Branch, pointing out that the activity of each member 
would be reciprocal in benefiting both the Branch and the 
member. 

A new recording secretary, H. O. 
succeed R. N. 
tive to the Te 


tion. 


Isaacson, was chosen to 
Foster, and R. Rahn was appointed representa- 


hnograph, the Engineering Societies’ publication. 


The treasurer's report showed a membership of over a hun 
dred and a substantial aecount in the bank in the Branch’s 
name. Two committees were appointed, for advertising meet 
ings and for soliciting subscriptions for Branch pins respec- 
tively. 

Plans 
stu lent 


formulated 
that the 
very promising. 


are being several 


for the 


for the delivery of 


lectures, SO work ot the 


Sranch 
semester 1S 
V. S. Day, 


Branch Chairman. 

WORCESTER POLYTECHN IK INSTITUTE 
At the last meeting of the school year of the Worcester 
Polytechnic Institute Student Branch held on June 1, the fol 
lowing otlicers were elected tor the year 1916-17: John A. ©. 
Warner, chairman; Charles Hollerith, vice-chairman; Ear! R. 
Knight, treasurer and Franklin T. 
tary. Following the election, 
students’ theses were read and discussed. 


Holmes, recording secre- 
abstracts of several of the 
Arthur Nutt pre- 
sented a paper on Thermostatic Control of Jacket Water in 
Automobiles, Aurelio E. Zamberano on Automobile Aeccelera- 
tion, and Arthur K. Ingraham on Tests of Ammonia Safety 
Valves. 
The first 


regular meeting of the Branch for 1916-17 was 
held on 


October 6, at which F. E. Stanley, of the Stanley 
Motor Carriage Co., Newton, Mass., gave an illustrated lecture 
on Steam-Propelled Vehicles. 

Mr. Stanley related how he first became convinced of the 
possibility of driving a 4-wheeled carriage by steam propulsion, 
and told of overcoming the various difficulties which presented 
themselves at the first trials of his steam-driven automombiles. 
He described fully the functions and details of the fire regu- 
lator, fuel pump, steam and water gages, as well as other major 
mechanisms of the car, each mechanism illustrating the solution 
of the engineering problems which he and his company en 
countered in the car’s early career. He also described the com- 
pany’s new ear, in which the engine is run condensing, and 
gave figures showing its efficiency. He concluded with slides 
illustrating the main points of difference between the latest 
model of the Stanley Steamer and its predecessors. 

Mr. Stanley then read extracts from a biographical paper 
of the life and accomplishments of George Stevenson, who is 
credited with having designed the first practical locomotive. 
H. P. Farrrie.p, 

Branch 


Secretary. 





The American Association for the Advancement of Scienee 
and some thirty national scientific societies affiliated with it 
will meet in New York City during the last week in Decem- 
ber, 1916, under the auspices of Columbia University, New 
York University, the College of the City of New York, the 
American Museum of Natural History and other scientifie and 
educational Dr. C. R. Van Hise, president of 
the University of Wisconsin, will preside. 


institutions. 
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GENERAL SALES CORRESPONDEN' Engineering and = corres shops in any line of manufacture Good executive I 
pondence experience such as involved in formulating proposals covet ences Will go anywhere K-375 
ing sale and calculation of size adaptation in steam and power-driven 
pumping equipment of displacement types, including application o EXECUTIVE ENGINEER, familiar with experimental engineering 
steam engines, combustion engines and electrical equipment that may I'welve years’ practical experience in designing and operating indu 
be employed \pplicant should supply references bearing upon 4a trial plants and large power stations. Age 54, married. Sala FILHO 
record as correspondent, capable of formulating propositions of char to start K-374 
acter indicated, proper closing of contracts, execution ol orders and 
closing of accounts, Salary not less than $2500, Location Ohio, G27 NAVAL ENGINEER Stevens graduate, with fourt 

rience in marine engine designing, steam, gasoline and I) we 

SUPERINTENDEN'T to take active control of modernizing old es is other genera designing required in shipyard wort ’ 
tablished manufacturing plant including pattern shop foundry ike change K-375 
machine shop, ete unusual opportunity for yvoung man 30 toe oo, witl 


/ MECHANICAL ENGINEER, ten vear experience in ma 
thorough « xperience and strong personality, whe can firmly ind quiet 





ind engine works, fifteen years in pr nt position as hea now! 

get results Location Missouri, 62S ‘ ' , 
ngineering school, desire change Summer vacatior hav wel pent 
c : engineering staffs of prominent concern Responsible p tion wit 

MECHANICAL DRAFTSMEN and DESIGNERS familiar wit! - , , 

: inulacturing or consulting engineering firm or exe itive | iter 
power plant and factory layouts Location Bostor ooo 
. with high-grade school of technology wi be considered Kast pre 
ENGINEER, practical as well as theoretical, to have harge ol ferred K-376 
tubing mill manufacturing brass covered steel tubes, welded steel and : : . . 
at RAILWAY MECHANICAL ENGINEER at present mpl 
brazed tubing Salary depends on mat Location New York Hoo - 
I hanical engineer Ace a technical education ‘ ntee! I 
experience as railway machinist, draftsman hief draftsmatr il 
hanical engineer ; desires mechanical engineering position with ra 
wi co ’ ‘ - Dt) ie sé qr dus in ; itt T iter 
MEN AVAILABLE Wit) mpany, railway supply hou industri plant wi y 
responsibility and opportunity Location immateria S S240 
- KoTT 

Only members of the Society are listed in the published notices im 
this section Copy for notices should be in hand by the sth of the CHIEF ENGINEER or CHIEF DRAFTSMAN Pechni 
month, and the form of the notice should be such that the initial words ngineer, sixteen years’ experience in. ste« work ist furna ne 
indicate the classification Notices are not repeated in consecutive team power plant work designing testing ind investigating ee 
issues pportunity for advancement Ag ” At pre nt employer Refer 

furnished K-378 

MECHANICAL ENGINEER Designer of igh-speed tomati 
machiner hx itive ability fen years’ experience Desir posi PUBLIC UTILITIES EXECUTIVI Asse te-Men ! Is 
tion in vicinity of New York or Newark At present employed K-365 rreduats Ten years’ experience in designit nspectir 

r tien superintendent operating superintendent 

MECHANICAL ENGINEER and DRAKPTSMAN Chief draftsman o1 vineer: one and a half vears as me nical designin ' 
assistant superintendent Fechnical graduat Age 36 Phirtee ic utilities corporations Desir position as general manag 
year perience Familiar with manufacture of water-gas Oa] tilities or construction r designir engineer for ir lir ! 
leather belting, coal-mining and handling machiner At present , At present old Dp j wit ur poration ' 

v ) rg po ie iy rt 
ployed Salary $1800 to $2400. K-34 mechanical construction Minimum salary expected $3500 K-370 

SALES ENGINEER, mechanical-electrical, American, age 4. Elever MECHANICAL ENGINEER Junior Member, Corn id ‘ 
vears’ experience in selling electrical and mechanical m hinery and oN Six years’ experien testin executive work ind s it Now 
supplies Executive ability Speaks Portuguese, Spanish and Germatr mployed but desirous of making change Has good record K-3S0 
Just returned from Brazil Desires position as representative 
branch manager for South America or Cuba K-365 ASSISTANT TO EXECUTIVE or SALES MANAGER Pech i 

xraduate, age 36, desires change Experience in testing, resear 
“st . ‘hep . tog vrs ‘ ‘ ) j POT » } 

MECHANICAL ENGINEER, technical graduate, American. -Sixt igning and commercial engineering, in connection with steam turbines 
years’ experience designing and estimating on Corliss engines, hoisting turbo-blowers and centrifugal pumps, with responsible char ! 
engines, air compressors, gas engines, pumps Two years’ experienc: New York City or eastern location preferred K-381 
answering correspondence and selling Open for responsible positior 
Middle West preferred K-366 CHIEF DRAFTSMAN or MASTER MECHANI Ten years’ ex 

, Cass ae : perience in manufacture of interchangeable parts thoroughly experi 

REPRESENTATIVE Engineer having his own office in New York , 

enced in design of punch and dies, jigs, tools, fixtures, special and 
City desires to secure additional representation on commission basis 
utomatic machinery for manufacturing parts on interchangeable basi- 





0 of-to anufac er Gre ate } » Corne iiversit 7 
ut-of-town manufacturer raduate M. } rnell University K-iht Location preferred in or vicinity of New York City or Newark K-38 
COMBUSTION ENGINEER and SMOKE ABATEMENT EXPERT, at 


. EXECUTIVE or MECHANICAL ENGINEER, experienced ino 
present completing 4-year term as chief smoke inspector of large city 


‘ ‘ : geanization, design of special, and elevating and conveying machinery 
wishes connection with stoker or boiler concern or on special city 





nna rechnical graduate At present employed Desires interview wit! 
smoke-abatement work. K-368 : 
parties seeking reliable, aggressive man for responsible position Loca 
FUEL TESTING ENGINEER. Graduate, age 54, seven and a halt tion New York or vicinity K-3835 


years’ experience in scientific testing of coal in industrial plants, for 


large coal company in Middle West. Desires position as combustion MECHANICAL ENGINEER. Junior-Member, technical graduat 


engineer for large user of coal. At present employed. K-369 = on married Five years’ experience in design, installation and 

operation of mechanical equipment of coal mines, including boiler 

COAL TESTING and SALES ENGINEER Graduate, experienced plants, pumping and ventilating plants; machine shop experienc I 

in scientific testing and selling of coal Desires position as sales man sires position with a future K-3S84 

ager for coal-operating company. At present employed. K-370 aes 

STEAM ENGINEER Can design, build and operate first-class 

MECHANICAL ENGINEER. Graduate M. E Four years’ experi power plants Age 40 Can make change about January 1, 1917 
ence in boiler design and kindred work. Seven years in large rubber K-3S85 


manufacturing plant as assistant engineer, inaugurating many labor 
saving schemes, conveyors and plant layouts. Familiar with shop man 
agement along scientific lines, time-study system. Tactful, good or 
ranizer and good executive. Capable of taking full charge responsibl 
work. K-371 


ASSISTANT TO EXECUTIVE or CONSULTING ENGINEER. Cor 
nell graduate Mechanical and electrical engineer Associate-Member 
Age 51. Nine years’ experience, six years in charge K-3S86 


PURCHASING or INSPECTING ENGINEER Eight years’ ex 


PRODUCTION ENGINEER. Technical graduate with thorough  Petience in inspection and purchasing of all classes of engineering 
shop training. Experienced in time-study work and investigations material for leading railroads and U. 8. Government; wide acquaint 
Familiar with cost-routing and store-keeping systems. Able to obtain oo 
increased production and decreased costs. K-372 supply throughout the country rhoroughly experienced in the pur 


Olen 


ance and familiar with all largest industrial plants and sources of 


chasing, testing and inspection of steel structures, railroad and indus 
MECHANICAL SUPERINTENDENT or MASTER MECHANIC trial supplies, etc. Age 30, college graduate, now employed. K-387 
Associate-Member, 39. Extensive experience in entire charge of 


machine shops, also erection and test in field manufacturing all sizes SALES or ASSISTANT TO EXECUTIVE. Graduate M. E. from 
surface and jet condensers, engines, high-vacuum air and centrifugal prominent university ; ten years out of college, with six years’ experi 


pumps, seneen etc. Competent to take entire control of machine ence in general sales office of steel foundry Desires responsible posi 
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tion in general sales or executive office, preferably in Middle West. TECHNICAL GRADUATE, Junior-Member, age 27, experienced in 
K-388 operation, construction and maintenance of small power plant with 


test work on boilers up to 300 h. p. Location not essential. K-393 
EXPERIMENTAL ENGINEER, for mechanical laboratory and re- 


search work. Graduate M. E., shop and long engineering experience in MECHANICAL or CHIEF ENGINEER, fifteen years’ experience in 
Germany and United States. Last six years in scientific experimental designing, shop and executive work. Systematic and reliable. Capa- 
research work. Desires permanent position with private firm or con- ble of assuming responsibility and handling men. Inventive ability. 
sulting engineer. Specialty heat and combustion, calorimetry, fuel Resourceful designer of automatic labor-saving machinery. Research, 
economy, measuring apparatus, K-3S89 experimental and development work Can report immediately K-394 


MECHANICAL ENGINEEK and CONSTRUCTION SUPERINTEND 


MEC ‘AL ENGINEE rer 20 years’ experience construc- ; ; 
MECHANICAL ENGINEER, over 2¢ years’ experience on nstruc ENT. Associate-Member Graduate M. E., eight years xperience 


tion, maintenance and manufacture in connection with power plants, 
mining, machine tools, arms, ammunition, engines, boilers, gas machin 
ery and engines, turbines, paper, jute. At present finishing up power 
construction work; will be available about December 1. Location de 
sired in or near New York. K-390 


supervising complete layout, purchase, construction and maintenance 
of mechanical and electrical equipments for factories and mercantile 
buildings. Can handle men and get results Desires position with in 
dustrial building concern. Middle West preferred, K-395 


MECHANICAL ENGINEER, age 32. Ten years experience teach 


ENGINEER-EXECUTIVE, experienced in design, construction and ing machine design, safety inspection of factories, drafting and engi 


operating quarries, chemical, and ore-dressing plants. Age 39. Good 
executive. Prefers development work in West or South. Now em 
ployed near New York. Salary $7500 or equivalent. K-391 


neering on commercial motor vehicles Desires position as engineer 
or assistant engineer with manufacturer of motor cars, accessories, or 


special machinery. New York or vicinity. K-596 
ROLLING MILL ENGINEER. Technical graduate. Ten years’ RESIDENT ENGINEER, SUPERINTENDENT OF CONSTRUC 
thorough experience, having full charge of design of rod mills, con TION, general superintendent or manager of industrial plants \ge 
tinuous and iooping, flat, billet and reversing mills, also complete wire 40, 19 years engineering and executive experience. Salary $3,000 to 
mills, furnaces, ete. Desires position as chief or assistant chief engi- $6,000 depending on position offered Salary last two years $6,000 
neer or in other responsible capacity. K-392 per year Available at once, K-397 


ACCESSIONS TO THE LIBRARY 


A List of Books and Pamphlets Added During the Past Month to the Library of the Soc.ety 
and of the United Engineering Society, Engineering Societies Building, New York 


r THYT DRS CARNEGIE ENDOWMENT FOR INTERNATIONAL PEACE Year Book, 1916 
~ 
LIBRARY NOTE: Washington, 1916. Gift of Carnegie Endowment for International 
Peace 
The actual moving of the library of the American Society Cuemicat aNd BioLocicaL Survey or THE WATERS OF ILLINOIS. Re 
of Civil Engineers to the United Engineering Societies Build- port for year ending D 1, 1914. Water Survey Series no. 1 
. :  adautt | helv; Urbana, 1916. Gift of A.S.M.E. 
ing awaits the p shase ( al shelving. . : P , 
ag este - songs — of a rene _ te i ; CITIZENSHIP SYLLABUS. Reprinted from 12th Annual Report of the 
[he consolidation of this collection with the joint library N. Y. State Department of Education. Albany, 1916. Gift of 
will make the latter the most important of its kind in the C. W. Rice 
eas > . ° ° CL T . y re ’ Ss ; s CE “KS :e0 Fy s. 
world. In addition to the many sets of periodicals which are auetic Aub Lavine Conserions at Vanreus Cunvuns, a. Davis 
’ Vew Orleans, 1916. Gift of G. H. Davis. 


new >» U.E.S. Library « 2 very 1 te sets of : 
‘ to the U.I Library and the very important sets ol FOWLER’S MECHANICAL ENGINEER’S PocKET Book, 1916. bLighteenth 


Government, State and Municipal reports which will come annual edition. Manchester, England, Scientific Publishing Co., 
from the Civil Engineers, there is an extensive collection of 1916. Price 2s. 9d., post free. Gift of publisher. 
pamphlets, maps and specifications. _ Reorganization of the Fowter’s ELecTaicaL ENGINEER'S Pocket Book, 1916. Sixteenth 
S , a J : ; ; annual edition Manchester, England, Scientific Publishing Co., 
collection will take some time, but is being carefully planned. 1916. Price 2s. 10d., post free. Gift of publisher. 
The periodicals and society publications currently received These two little pocketbooks of about 500 pages each have a large 
, , s ge Day: eo ow ‘ sale in England, and should appeal from their varied contents and 
in the Library of the Engineering Societies now number over _ their low price to engineers in this country. 
1100, published in 32 countries and in 11 languages. w. P. 
: , ae s : LINEAR HoT-WikE ANEMOMETER AND ITS APPLICATIONS IN TECHNICAL 
Attention of the membership is called to the “ Catalogue of Puysics, L. V. King. Reprinted from Franklin Institute Journal, 
Technical Periodicals in the Libraries of New York and Vi- Jan. 1916. Philadelphia, 1916. Gift of author. 


cinity,” published recently by the Library. This lists, with °OK'NG Sevarety at THE WaTeRroweR Prostem, H. J. Pierce. 
. ors ‘ Rial as Gift of A.S.M.E 
full catalogue entry, about 2500 technical periodicals, and tells ; 
NEW JERSEY. BOARD OF PUBLIC UTILITY COMMISSIONERS. Financial 

and miscellaneous statistics compiled from the annual reports 
and indexes are noted. When it is remembered that any ar- made by Public Utilities, 1914. Union Hill, 1916 

Annual Report, 1915. Trenton, 1916. Gift of Board of Public 
Utility Commissioners, 


where they are to be found. Changes of title, diseontinuances, 


ticle in these periodicals can be furnished in an accurate 
photostat copy, the value of the catalogue to the engineering ygw york City. Boanp or Waren Surrty, Contract 174—Informa- 
student is manifest. Copies are sold by the Library for three tion for bidders, forms of proposal, contract, bond and certificates, 
dollars. postpaid. specifications and drawings for furnishing, delivering and install 
ing riser-valve controlling mechanisms and appurtenances in the 


[he Library is very anxious to obtain all the trade cata- shafts of the city tunnel of the Catskill Aqueduct. 1916 


logues in engineering lines, and the codperation of members in Contract 178—Information for bidders, forms of proposal, 
: . . . . . . . -ontract, bond and certificates, specifications : yings 
rendering assistance in this direction is requested. Catalogues he a ee oon noe oe 


grouting a portion of the Eastview Tunnel of the Catskill Aque- 
duct, in the town of Mount Pleasant, Westchester County, N. Y. 
Gift of Board of Water Supply. 


are carefully analyzed for the use of readers. 


NEW YORK STATE ENGINEER AND SURVEYOR. Supplement to the Annual 


ADDITIONS BY THE S( ICI eTY Report, Vol. II, 1915. Albany, 1916. Gift of New York State En- 


gineer and Surveyor. 
OWNERSHIP OF INVESTED EARNINGS OR INVESTED SurPLUS, Samuel 8. 
AIR BRAKE ASSOCIATION. Proceedings of 23d annual convention, 1916. Wvyer. Gift of author. ° 
Atlanta, 1916. Gift of Air Brake Association, 


Nn SoME PROPOSED ELECTRICAL MernHops oF REcorRDING Gas FLow 
IN CHANNELS AND PIPES BASED ON THE LINEAR HoT-WIRE ANE- 
MOMETER, L. V. King. Philadelphia, 1916. Reprinted from Frank- 
lin Institute Journal, August 1916. Gift of auther. 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS. Condensed Catalogues 
of Mechanical Equipment, with general classified directory. New 
York, 1916. Gift of A.S.M.E 




















NOVEMBER 


1916 SOCIETY 


RAILWAY REGULATION AND Locomoror ATAXtIA, Frank Trumbull Vew 
York, 1916. Gift of Railway Executive Advisory Committee 
A WORK ON THE CONSERVATION OF WATER BY STORAGE, Geo. F Swair 
Gift of A.S.M.E 
EXCHANGES 
BROOKLYN I NEER CLUB Proceedings, 1915 Brooklyn, 11 


TRADE CATALOGUES 
FLA EnkyY Bour Co Pittsburgh, Pa Stay September a | 
GREENFIELD Tarp & DIk CORPORATION, Gree / Va Cat rt 
i (sage tap ilies 
(5 ENF rar & DIE CORPORATION, Greenfield, Ma l (;ur 
tay 12 pl 
Ls HEN, A. & So hore Co St. Lou Vf Les Her 


eptember ist 


SLEEVER & Harriey, Ine Worcester, Mass Bulletin 1 252. H 
d spring coiling machine Varch, 191 
254 No. 2 Universal coiler April, 191 
264 Spring setting machines April, 191 
207 Automat tube straightening machines June , 
268 Heli utting and hooking machine March, m1 
200 Wire 1 machines December, 191; 
270 I n spring machines July, 1916 
2ie M vire raightening ad md g 1 ne “” 
91 
275 N 1 wire rolling and flattening mi November, 191 
277 Spring kin machines November, 1915 
-S0 S|] ia pring coiling machine June, 1916 
287 Furniture spring coiler June, 19% 
2s No. © and No. 1 Universal coilers May, 19t 
306 No, 4 Universal coiler fugust, 191 
is Plex ift coiling machine Vay, 1916 
oo Fiexible metallic tube coiling machine May, 191 
}1s No. 3 Universal coiler January, 191 
1% Flexible casing coiler May, 191 
2h No. 5 Universal coiler fuguat, 1916 
List of standard machines offered to the trad 
TEXAS COMVANY, New York City Lubrication September, 1916 
WaLwortu Mra. Co., Boston, Mass. Walworth Log. September, wu 
Wu FouNnpRrY Eovirment Co., Harvey, Ill A model four 
! 125 


ADDITIONS BY THE UNITED ENGINEER- 
ING SOCIETY 


ABSTRA( OF CURRENT DECISIONS ON MINES AND MININ REPORT 
FROM JANUARY TO APRIL 1916 U. S. Bureau of Mines Bulletin 
126, Washington, 1916 

AMERICAN EXIPRES COMPANYS Foreign Trade Building October 
191 Gift of American Express Co 


AMERICAN FOUNDRYMEN ASSOCIATION Year Book, 1916. Cleveland 
1916. 

AMERICAN Iron & STEEL INSTITUTE Annual Statistical Report, 1915 
Neu York, 1916 

ANTIMONY DEPOSITS OF ALASKA U. S. Geological Survey Bulleti 
649 Washington, 191 

BIBLIOGRAPHY OF NORTH AMERICAN GEOLOGY FOR 1915 U. 8S. Geolog 
ical Survey Bulletin no, 645 Washington, 1916 

BLA DAMP IN Mines. U. 8. Bureau of Mines. Bulletin 105. Wasi 
ngton, 191 

CARNEGIE STEEL COMPANY Bulb Sections Ship building bulb angles 


Itritis miscellaneous se« 


ed. 3 


standard and tions, car 


angles and bulb beams Pittsburgh, 1916 


CHISANA-WHITE RIVER District, ALASKA U. S. Geological Survey 
Bulletin 630 Washington, 1916. 

COAL RESOURCES OF THE CLINTWOOD AND Buct’) QUADRANGLES, VIR 
GINIA Bulletin no, XII, Virginia Geological Survey Charlottes 
ville, 1916 

COLORADO RIVER AND Irs Uritization. U. 8. Geological Survey. Wa 


ter Supply Paper 395 Washington, 1916 
ELECTRICITY. No. 5—The ‘ Block” heating and 
Evidence that groups of buildings under same or 


different ownership can obtain heat and electricity from one pri 


‘OMPETITION IN 


electric plant. 


AFFAIRS 





vately owned central utility plant No. 6-—-How man New 
York’s greatest factories are supplied wit power from private 
power plants No. 7—-How many of Chicago Notable Build 
ings are supplied with electricity from private power plant 

Gift of Charles Meigs Ripley 

Co ri TION OF ROADS AND PAVEMENT r. R. Ag New Yor "9 

Co ol AND ALTERNATING CURRENT MACHINE J. H. M t 
Vew York, 191 

DEPENDABLE CONCRETE, HypraTep LIME A\* I Errt 0 W ‘ 
BILITY SEGREGATIO UNIFORMITY STRE I PERM Y 
Bulletin A-2 Gift of National Lime Ma \ 

ECONOMIC GEOLO Heinrich Ries ed 4 New Yori J W f 
Non 1916 Gift of publisher Price $4.00 

The third ed or va published n 1910 nd j } 
knowledge of ¢ nom ge gy ince that late ive een z it 

s to require 1 ‘ ‘ j ! I dad t 

the mot | I t inera deposits « ( nada ‘ I ed 
rhe wort not r r tl omplete S { he lists of efe es 
t ft ene ‘ 7 r rt ‘ 
i ! nad exter vé index 
W I ( 

I MI or M | 8. ¢ t 14 t Sur aS | 
ial publi tion nh ‘ Washinotor ms 

I NEERIN APPLICATIO or H ER MA 1 V. Karapetoff 
Parts 2-5 Vew York = uvd& Sor 19] Gilt of publi r 
Price $0.75 for « part 

Part 1. on M é ) gn, was pl hed 191 rhe part now 
ed g pr n the app I fr ema s t hydra 
I ! mate i electr engine 
pe y , 
W ] ( 

I NEEI HA Book or TABLE CHAI 4 DATA OD He A 
CATION OF CENTRIFUGAL FANS AN FAN Sy EM APPARATI \¢ 
York, Buffalo Forge ¢ 1914 Gift of | er 

Pur YEA or A Et NI Man's LiF! Reminiscet s by Fred ' 
A. Riehl Philadelphia, 191 Gift of Riehlé Br Testing Ma 

ine ¢ 

FRONTIE Fo OF PENNSYLVANIA Report of the Comm t 
ocat the it ed. 2 vols. 1-2 Harrisbur mie 

HA OOK FOR Hicuway I NEERS, W. G. Harger and E. A. B y 
ed 2 Vew York, McGraw-Hill Book ¢ 7 

HPALTH CONSERVATION AT STEEL MILLS U. S. Bureau of M 
l hnical Paper 102 Washinaton 1916 

HISTORY AN DEVELOPMENT OF Gol DREDGIN IN MONTANA I Ss 
Bureau Mine Bulletin ne 121 Washington, 1916 

HisTORY OF MANUFACTURERS IN THE UNITED STATE 1607-1860, V .S 
Clark Washingt n, role 

UTION OF CIVIL I] NEE Mi t of Proceeding Cc! 
London, 191 


9TH INTERNAT INLAND NAVIGATION 


ports (4 f =) 


IONAL CONGRES 


Paris, 18 


INTERNATIONA I INEERING CONGRE 1915 Vol. IX 


San Francisco, 11 

Inon & STEBL I) rute Jourr XCIII London, 1916 

I ‘ITE FIELD OF NORTHWESTERN SovrTnm DAKOTA I S. Geological 
Survey. Bulletin 627 Washington, 191 

LOWER EOCENE FLORAS OF SOUTHEASTERN NORTH AMERICA U. S. Ge 
logical Survey Professional Paper 91 Washington, 191 

MUNICIPAL INDEX August 1912-December 191 January-December 
1915 New York, 1913, Bl 

NATIONAL ASSOCIATION OF COTTON MANUFACTURER rransactions 
no. 100 Boston, 1916 

NoRWicH UNIVERSITY, 1819-1911. Her history, graduates, re of 
honor vols. 1-2 Montpelier, 1911. Gift of W A. Elli 

ORE SAMPLING CONDITIONS IN THE WEST U. S. Bureau of Mine 
Techt | Paper S86 Washington, 1916 

PITTSBURGH EXPERIMENT STATION, BUREAU OF MINES Library Bulle 
tin, Oct. 1, 1916 Author index U. S. Bur. Mines 4 
tions ( t A. S od 

Poor’s MANUAL oF INDI RIAI 1916 Vew York, 1916 

PORTS OF THE UNITED STATES Report on terminal facilities m 
merce, port charges, and administration at 68 selected port 
(Miscellaneous Series——No. 33, Department of Commerce) v j 
ington, 1916 Gift of U. S. Dept. of Commerecs 

PRINCIPLES OF THE TELEPHONE Part 1—-Subscriber’s Apparatus, 
C. M. Jansky and D. C. Faber Vew York, 191¢ 

QUEBE* MINISTERE DE LA COLONISATION, DES MINES ET DE Pécn 
ERIES Rapport sur les Operations Minieres dans la Province ds 
Quebec 1915 Quebec, 1916 

REASONS WHY NaTurRAL GAS OvuGuT Nor To Be Soup ar Low Prices 
FOR INDUSTRIAL Use, 8S. S. Wyer. Columbus, 1916. Gift of author 

RHODESIA MUNITIONS AND RESOURCES COMMITTER Interim Report 


for period ended June 30, 1916. Bulawayo, 1916 


1892 Re 


Metallurgy 





906 SOCIETY 
ROCHESTER (N. Y.) GOVERNMEN1 
Constructive 
Bureau of 


General Survey, Critical 
Rochester, 1915. Gift of 


Appraisal 


and Rochester 


Suggestions. 


Municipal Research, 


1916 Budget of the City of Rochester. Gift of City Comp 
troller 
SAFE Pracrice ar BLAST FurNAcES. U. 8S. Bureau of Mines. Tech 
nical Paper 136 Washington, 1916 


SMITHSONIAN INSTITUTION. Annual Report of the Board of Regents 


1915 Washington, 1916 

Spirit LEVELING IN ARKANSAS, 1896-1915, inclusive UL. S&S. Geological 
Survey Bulletin 636 Washington, 1916. 

Spirit LEVELING IN GEORGIA, 1896-1914, inclusive. U. S. Geological 
Survey Bulletin 635 Washington, 1916. 

SPIRIT LEVELING IN NEW MExtco, 1902-1915, inclusive. U. S. Geological] 
Survey Bulletin G3S Washington, 1916. 

SURFACE CONDENSER (in Russian) Wheeler Condenser & Engineering 
Co., Carteret, N. J.) Gift of Leon Goldmerstein. 

SURFACE WATER SUPPLY OF THE UNITED Srares, 1913, Part X—The 
Great Basin. U. 8S. Geological Survey. Water Supply Paper 360 
Washington, 1916 

1914, Part IV-—St. Lawrence River Basin U. S. Geological 
Survey Water Supply Paper 8384; Part VII—Lower Mississippi 
River Basin U. S. Geological Survey. Water Supply Paper 387 
Washington, 1916. 

U. S. NATIONAL MUSEUM Proceedings vol. 50 Washington, 1916 

UpreR ORDOVICIAN FORMATIONS IN ONTARIO AND QUEBEC Canada 
Department of Mines. Memoir 83> Ottawa, 1916 

U. S. CENSUS BUuREAt Financial statistics of cities having a popula 
tion of over 50,000, 1915. Washington, 1916. 

WATERWORKS HANbDBOOK, A. D. Flinn, R. S. Weston and C. L. Bogert 
New York, 1916, 

GIFT OF AERONAUTICAL SOCIETY 

THE AEROPLANE Dec. 18, 1913 

DEUTSCHE LUFTFAHRER ZEITSCHRIF1 Nov. 26, 1915 

LA NAVIGAZIONE AEKEA. Sept., 1913. 

OSTERREICHISCHE FLUG ZEITSCHRIF! Nov. 25, 1913. 

ScHWEIZ AERO CLUB. Bulletin Dec., 1913 

GIFT OF BUREAU OF RAILWAY ECONOMICS 

Railroads and the Press. Address by Daniel Willard. Apr. 27, 1916 

Railways and the Shippers. Address by A. W. Thompson March 
14, 1916. 

Will the Railroads Come Back? By Lockwood Barr. 

GIFT OF C. A. DOREMUS 
DEATH FROM ELECTRICAL CURRENTS. 
AMERICAN IMPULSE WHEEL CoMPANY. The perfect American Hurdy 


gurdy, 1897. 


De Forest WIRELESS 
GRAMME’S MAGNETO 


TELEGRAPH COMPANY. 

ELECTRIC MACHINES. 

INTERNATIONAL ELECTRICAL EXHIBITION, 1884. 
Chairman of the Committee on Exhibitions 

Re port of examiners of Section XXIX. 

MINING LAWS OF TEXAS AND TABLES OF 
Univ. of Texas. Bulletin No. 6, 1903. 

New York City. Board of Electrical Control. Second Report 

Preyrusson, E. Electrolyseur et procedes d’electrolyse 

THE POULSEN TELEGRAPHONE, 

REVORT OF THE SPECIAI 


Descriptive pamphlet 
General Report of the 


Educational Apparatus 


MAGNETIC DECLINATION 


1SSS 


COMMITTEE ON THE STaATic INDUCED CURRENT, 
\ppointed at the 10th annual meeting of the American Electro 
Therapeutic Asso., Sept. 27, 1900 

REPORT OF ENGINEERS OF THE U. S. Navy Upon Experiments Wirn 
SATURATED AND SUPERHEATED STEAM MADE AT THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY, March 1877. 


THERMIT STEEL FOR WELDING, Goldschmidt Thermit Co.. 
TomMaAS!I, D. Electrolytic processes for the extraction. 


refining of metals. Paris, n.d. 


1904 
separation and 


Sept 


GIFT OF ARTHUR WORISCHEK 


Cazin, A. L Etincelle electrique. Paris, 1876. 


DECUVERVILLE, C. Cours de Tir. Paris, 186}. 


fue JouRNAL 
AFFAIRS Am.Soc. M_E. 
DEPARVILLE, HENRI Causeries scientifiques INNS 
LAURIOL, JULES. Transport electrique de la Fors L, \periences 
de Creil Paris, 18st 
MEMORIAL DE L’OFFICER DU GENIE No. 21 Paris, 187 
Tuirovux, M Essai dur les projectiles allongeés Par 
GIFT OF CARL HERING 
L,ALTERNATEUR, SYSTEME Bovcueror, pe LOOO TIP | A 
MAISON BREGUET ET ACCOUPLE AVEt 4 MACHINI \ | DELA 
NAY BELLEVILLI 
ARMATURE OF ELPHINSTONE & VINCENT MAcitine (Draw 
BROWN SINGLE PHASE INDU¢ oN Moror Curve ee be l ) 
DISCUSSION OF SERIES DYNAMOFLECTRIC MAC | It Car Wit ey 
LS9S 
STARTING GEAK ON AN IN rion Moron Livny ctor 
SUR LE CALCUL DE MACHINES ELECTRIQUI \te rs de Constructior 
Oerlikon 1900 
SYSTEM OF CONTROL FOR ELECTRIC Morors, Ward Leonard 
PukOKRY OF COMMUTATION, ¢ ‘ Ilawkins 
UNIPOLAR DYNAMO ISD! Descriptis and w print.) 
Dik VERAUSLERECHIINUNG DI DYNAMOMASCHINEN 
TRADE CATALOGUES 
AMERICAN BLOWER COMPANY Detroit, Mich. Sirocco Service, vol. 5 
no. 11. 
COEN COMPANY, INC. San lrancisco, Cal. Catalog Twe The Coer 
System of Mechanical Oil Burning 191 
COLUMBIAN BRASS FOUNDRY Freeport, L. 1 Propellers in a Nut 
Shell 
Du Pont pE Nemours, E. I. & Co. Wilmington, Del. Du l Maga 
zine. fugust and September, 1916. 
ENGBERG’S ELectric & MECHANICAL WorKS t. Joseph, Mich Ap 
paratus designed on good, sound engineering principles 
GOLDSCHMIDT THERMIT COMPANY Vew York Cit Reaction s 
ond quarter, 1916 vol. 9, n 2 
Koven, L. O. & Bro Vew York City Marine Catalogue 
MARINE OIL ENGINE Co., In« New York City Bulletin 101 Skan- 
dia Marine Oil Engines for crude or fuel oils 
MILBURN, ALEXANDER CO Baltimore, Md Oxy-Acetylene Welding 


and Cutting Apparatus 


MorTor COMPRESSOR Co Newark, N. J The Perfect Starter 

PELTON WATER WHEEL Co. New York, N. Y. Bulletin no. 9. Pelton 
Doble Centrifugal Pumps 

PYRENE MANUFACTURING Co New York City len reasons why 
Pyrene is superior to the three gallon chemical extinguis!er. 
Pyrene Extinguisher for motion picture theatres 

ROBERTSON-CATARACT ELEcTRIC CoO Buffalo, N ) Illustrated 
brochure of buildings of company 21 pp 

SAMSON ELEcTRIC CO Canton, Mass Perfex ’ waterproof ignition 
for motor boats. 1916 

SMITH, H. COLLier Detroit, Mich. Catalog m a0 (Juickwork 
machinery. 

Snow & PETRELLI Merc. Co. New Haven, Conn Joe's high power 
reverse gears. 1916 

SpaRTA IRON WorkKS Co. Sparta, Wis. Sludge bucket fuy., 1916 


THE Sperry Gyroscore Co. Brooklyn, N. ¥ Neptune foi'ed by the 
Sperry ship's stabilizer 

TALBoT BorLer Co. New York City Talbot crude oil burning steam 
ers, 

TEXAS COMPANY New York, N. \ Lubrication, vol. 2, no. 3; vol, 
nos. 1-10. Nov., 19145; Novw., 1915-Aug., 1916 

TOOMEY, FRANK. Philadelphia, Pa. Machinery house of the East 

UNDER-FEED STOKER COMPANY OF AMERICA Chicago, Ill Publicity 
Magazine. July, 1916 

UNDER-FEED STOKFR Co. OF AMERICA. Chicago, III Publicity maga 
zine fuq., 1916 

UNITED SHOE MACHINERY Co. Boston, Mass Pamphlets relating to 
conditions at factory at Beverly, Mass., together with illustra 
tions 

WESTINGHOUSE ELectTric & Mero. Co. Fast Pittsburgh, Pa Specia 
publication no. 7064. Cut your repair costs with Westinghouse 
are welding eauipment, 1914 


Leaflet 1356. 
paratus. 
WHEELER & SCHEBLER. 
carburetor. 
WYN KoOOP-HALLENBECK-CRAWFORD Co 
plant. 


Motors for driving ventilating and heating ap 


Indianapolis, Ind. The Model “R” 


Schebler 


New York City. Description of 




















ENGINEERING SURVEY 


A Review of Engineering Publications in All Languages. 
£ > a) te) 


All the leading periodicals of the 


engineering world, embracing over 1000 different publications, are received at the Library. 


These are systematically examined for review each month in the Survey. 


SUBJECTS OF ABSTRACTS 
i He © I F \ _ I 
\ ONA I Lie | F Lo AND REE 10 I I 
W N AFne I or | It I ‘ W 
I EOF M | In M ESE BRONzI ( NT > 
~ «> ~*~ ~ 
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s I ‘> TWELVE Cy Ek |} SURFACE COM ANNEA I s I 
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STANDARD ) AVIATION EN ; 1) pe I ' r Lov Com! " , ; 
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‘ Iron D FORGE DIES ‘ARALLEL Depru Bevet Gears i 
| EI MAK ror Cast? Ino Dr I , MEA rie ag 1) wt " 
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In this issue of the Engineering Survey will be found two hain, chief of one of the departments and ; illurg of 
groups of articles related not inherently but by their bearing ate Bearing on this same subjeet, is a pape wv Charles P 
on the existing situation. Howard FE. Coftin’s article on n ste metz, chet consulting engineer of the General Eleetrie 
tions manutacture on the one hand and several articles o1 (o., read on October 18, 1916, before The Frankl Institute 

f} h } ] } : ld t P} ladel ‘ } ] let { ‘ - a 
smentifie researeh in relation to industries on the other would a lhnladelphia, deliveres too tate oO be abstracted i the 
have been regarded three vears ago as relating to entirely i Survey. The speaker said that since established researeh insti- 
depender t subjects. Today military preparedness for the de tutions have not been able to furnish all the information de- 
fense of the country against armed aggression, and industrial sired for use in the industries, industrial establishments have 
preparedness vitally necessary to assure a country its du recently gone into seientifie research themselves with vastly 


place in the world’s market, have brought them into essentially 
the same class, 


It 
trial 


howe ver, 


is, more and more fully realized that no indus 
the of 


is possible without the closest correlation betwee: 


progress, which is corner stone industrial pre 


paredness, 
the developments of science and their application to industrial 
engineering. Unless the achievements attained today in th 


laboratory in any country are transferred to the shop, it is 


fairly certain that some other country will avail itself of 


them and secure 


the 


a hold on the market. 


Events of last two years have taught this lesson in a 


very striking manner. The world’s industries have suddenly 


found themselves lacking not only sourees of supply of some 


staple materials, but even, in many instances, knowledge of 


how these staples are produced, No country intends to re 


peat this error, and the papers by Coffin and Carty prove 
conclusively that in this country there is a full realization of 
this fact. 

Those interested in the present industrial problems here will 
be this 
issue will be found two highly authoritative statements on the 
Blondel, Member of the 
Academy of Sciences, and on the work and prospects of the 


National Physieal Laboratory in England by Walter Rosen 


also 


interested in how matters stand abroad, and in 


situation in Franee by A. Freneh 


extended faeilities, with the 


result that of late the largest 
in ber ot smentiie advances have beer mace 1! ind istrial 
research laboratories. Germany was first to realize that the 


establishment of the industrial research laboratory was one 
ot the most profitable investments which could be made bv the 


large industries, but in the last few years Ameticat corpora 


tions have also fully awakened to a realization of this faet, 


and the 


research laboratories established in this country by 
industrial corporations are doing scientific work of the highest 
order in chemistry, physies and mechanics 
THIS MONTH'S ARTICLES 
In the section Aeronauties will be found ai teresting re 
port of a session of the Executive Committee of the National 
Advisory Committee tor Aeronauties, devoted mai ly to the 
discussion of means for securing satistactory motors for 
American aircraft. The diseussion brought out several highly 
important points. It showed that the details of design and 
construction are tar [rom receiving a proper amount of at 
tention. The wiring IS In Many cases detective. Installation 
ot magnetos is such as has been long aro abat do ed, lor ex 


ample, on racing ears. Another important point brought out 


is the growing conviction of designers as to the influence of 
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engine vibration on the general factor of reliability of the 


machine. Discussion has also confirmed the prevailing impres- 
sion that big motors of 200, 300 and perhaps higher horse- 
power, will be especially demanded in the near future. 

A. R. Braden describes a method of making cast-ircn drop- 
forge dies which proved suecessful on shoe-machine forgings. 
The main improvements appeared to be in the method of pro- 
ducing the patterns. 

In the section Engineering Materials will be found two ad- 
vance abstracts of technologie papers of the Bureau of Stand- 
ards, published by courtesy of the Bureau. One of these ab- 
stracts is devoted to an investigation of a homogeneous alpha 
brass, presenting an interesting explanation of the decrease 
in strength and duetility of brasses when corroded while under 
stress. 

The other Bureau of Standards’ investigation covers a petro- 
graphie study of various porcelains, as well as combinations 
of the raw materials which enter into porcelain manufacture. 
It is found that the constitution and microstructure of porce 
lain depend upon’ the temperature of burning, the time of 
The 
petrographic and microscopic study ot porcelain of the type 
carried out at the 


burning factor being only of secondary importance. 
sureau is of high importance, in that it 
places the chemical and physical properties involved in the 
formation of porcelain on a more quantitative thermal basis. 
Furthermore, it offers a means of estimation of burning tem- 
perature of a ware from the examination of a fragment much 
too small in size to be satisfactory for even a chemical 
analysis. 

Data on stresses produced by burning-in manganese bronze 
are presented by D. Merica and C. P. Karr from an investi- 
with work on 
bronze valve castings used in the Catskill viaduct. 

Data on the testing of refractories are presented by A. V. 


gation made in connection some manganese 


Bleininger from work done at the Bureau of Standards. 
Several years ago the Missouri, Kansas & Texas Railroad 

decided to install pulverized coal firing for some of their sta- 

tionary boilers. For various reasons the installation was not 


put into operation until this year. Since then various tests 


have been made with different fuels and all of them burned 
with entire suecess and without troublesome deposits of ash. 
The abstract in the section Fuels gives a brief description of 
this installation and cost data from some of the tests. 
Annealing furnaces operating on the surface combustion 
principle are deseribed in the section Furnaces. One of their 
advantages is that they give a neutral or reducing atmosphere 
which makes ft possible to treat forgings without packing. 
Prof. W. H. Watkinson’s paper presented to the Newcastle 
meeting of the British Association in September, 1916, will 
come as somewhat of a surprise to Diesel engineers. The au- 
thor claims that it should be as easy to obtain ignition tem- 
perature by compression to 2 atmospheres as it is to obtain 
it in tne ordinary way by compression to 34 atmospheres, and 
he shows that it is entirely unnecessary to permit starting 
period pressures running as high as 800 Ib. per square inch. 
William C. 


depth bevel gears on a universal gear cutter requiring only 


Glass describes a method of producing parallel 


two settings to complete the gear. 

The precision of liquid-measuring pumps is diseussed by 
F. J. Schlink in a paper before the Annual Conference of 
Weights and Measures of the United States. The conclusion 
of the author is that nearly all of the defects of construction 
and installation of gasoline-measuring pumps tend to produce 
errors in the one direction of under-measurement. 

In the section Railroad Engineering will be found a gen- 
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eral paper by George M. Basford on electric problems that 
pa} ) ] 


demand solution, as well as a paper on the Tilling-Stevens 


gasoline-electrie cars to run on standard track. In the same 
section will be found an abstract of a report made by James 
E. Howard, engineer physicist of the Interstate Commerce 
Commission, covering the subject of initial stress in steel rails. 

The testing of thermal insulators is the subject of a paper 
Standards by H. C. 


Among 


based on the work done at the Bureau of 
and M. S. VanDusen. 


paper contains definitions of several terms used i 


inekinson other things the 
retrigerat- 
ing engineering and thermodynamics. 

Interesting certain 


boiler and 


New 


R. MacBain in the section 


eXperiments on eXpansion 


boiler troubles made on the York Central lines are de- 


scribed in a paper by D. Steam 


Engineering. 


Aeronautics 
AERONAUTICAL ENGINES 


Abstract of a of the Executive Com- 
mittee of the National Advisory Committee for Aeronautics 


1916. 


The meeting was held in the very rooms where Dr. 


report of a session 
held at the Smithsonian Institution, June 8, 
Langley 
first developed his idea of the physies of the air and the art 
of flying. 

Henry Souther, Mem.Am.Soe.M.E., Consulting Engineer of 
the War Department, stated that we in this country are in a 
fair way to obtain a satisfactory motor for aircraft within a 
reasonable length of time, but the only way of arriving at any- 
thing of this nature is by a slow process of evolution or use. 
What 


| lace, reliability. which does not, however, necessarily mean 


is demanded of an aeronautical motor is, in the first 
anything unusually strong, but means thoroughness in all de- 
tails of which reliable wiring is an example; accidents may 
come from an accumulation of gasoline in the shape of a pud- 
dle somewhere in the structure, hence the piping is as impor- 
tant as anything, ete. 

Next come dependability and durability. Of exceeding im- 
portance is also simplicity of design. Adaptability of the 
motors is a quality that will change as fast as the art changes, 
and what is considered adaptable today may be viewed as bad 
practice ten years from now. 

Lieut. W. G. Child, U. S. N., in diseussing the experience 
of the Navy with motors, pointed out some matters of consid- 
erable practical importance. One is the question of inter- 
changeability of motors. At present beds built for one motor 
are often not adaptable to another motor of the same horse- 
power because of the difference in the brackets. One way of 
overcoming this without changing the design is to make the 
brackets wider, say 4 in., and not drill bolt holes, so that any 
motor can be installed on 


width of that bracket. 


foundations that would take the 

For motors of higher horsepower, the speaker advocated 
generator ignition because of the necessity of having starters 
and of the need for a hot spark at low speed. As between 
having a large lower crank case to keep the oil or of having 
separate tanks, the preference of the speaker was for sep- 
arate tanks which would lighten the engine, give an extra oil 
supply, help cool the oil and permit of installing the tank at 
any convenient place. In addition, with only a little oil in the 
motor, there would be no danger of flooding the cylinders in 
gliding. 

One of the greatest problems in aviation is the design of 
a suitable radiator. 


The resistance of the radiator means a 
tremendous loss in lifting capacity, and the Navy found ex- 
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perimentally that one type of radiator had a very low re- 
sistance and was about five times as effective as another type 
in very general use. 
Lieut.-Col. George O. A., in charge of the 
Aviation Section, War Department, stated, in answer to ques- 


Squier, U. S. 


tions, that the Green engine is the one which the British are 
widely using. It is built in sizes as large as 250 h.p., and two 
of these are put on an aeroplane. In all the belligerent coun 
tries they are doing wonderful things every day, things we 
have never done here. 

Capt. Mark L. Bristol, U. S. N., Commander of the Navy 
\ir Service, believes that we have not a motor in this countr\ 
fault 


Another is that we cannot 


suitable for aeronautie use. The principal with our 


motors is that they are unreliable. 


get enough power out of them for naval use. The aeroplan 


that will be taken to sea must not weigh less than 6000 Ib. and 
must have 300 or 400 h.p. at least. This can be obtained fron 
two motors of from 150 to 200 h.p. each, but there is not such 
a motor in the United States at present that is reliable 

Charles M. Manly (Curtiss Aeroplane and Motor Corpora 


diseussed the 


tion ) 


manner of approach in the matter of de 


veloping the best aviation motor. There are two main ways 
ot approaching the subject; one is to start with your motor 


light 


more reliable; the other is to start with the motor very reliabl 


weight, and by a process of evolution make it more and 


and decrease the weight. The speaker personally believes that 
the better plan is to start with the motor lght. 
Howard E. Coffin, Mem.Am.Soc.M.E., of the Naval 


sulting Board, expressed his opinion that the whole develop 


Con 


ment of aviation has been thus far an experimental proposi 


tion only, and that there has been practically no real quantity 


or commercial production in that line. So far an attempt 
has been made to build motors which are so near the ragged 
edge in strength of parts, reliability, lightness, and so forth, 
that we have got into a lot of trouble that we should be able 
to avoid. A great deal of the trouble was because of the mag- 
neto not being properly mounted on the motor, although we 
learned in racing cars as early as 1906 that no magneto should 
carry a gear directly on its shaft. The wiring in the average 
aeroplane is a joke. All wiring must be carried in metal con- 
duits. In fact, the speaker believes that the wiring of either 
an automobile or an aeroplane should pass an examination 
similar to the underwriters’ examination by the insurance con 
panies. If a $500 garage is not built without the underwriters 
passing on the wiring installation, there is no reason why an 
aeroplane costing $10,000, in which one risks his life, should 
escape such inspection. 

The speaker strongly emphasized the question of the elim 
is the real cause o! 


ination of vibration, which in his belief 


possibly nine-tenths of the trouble with any apparatus, 


whether it is a motor car or an aeroplane. The vibration in a 
gas engine is dependent upon certain fundamentals of its de 
sign, and the six- and twelve-cylinder machines are the only 
two types of engines that in a practical way can be freed from 
vibration. 

It is surprising to find that a six-cylinder engine, if driven 
so that the engine itself is not 


by an electric motor running 


under its own power at speeds up to 2000 to 3000 r.p.m., ean 


be stripped of everything down to the erankshaft without 
appreciably reducing the noise, which indicates that the prin- 
cipal difficulties in the gas engine are connected in some way 
with the crankshaft. It makes no difference how heavy the 
crankshaft is, in fact, adding weight to it will probably make 
the trouble worse. No couples of any kind may be permit- 


ted to develop within the crankshaft; every unbalanced ef 
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fect must be compensated, and that not somewhere else in the 
shaft, but immediately in the plane of rotation of the part 
this This holds 


cratt end. If the engines be made so that they do not vibrate 


causing unbalanced effect. also in the 


air- 


when run at 2000 r.p.™,, there will be wiped out nine-tenths 
of the 


tions, of the wiring on the 


other troubles, such as the breaking of pipe connec- 


plane itself, and sO forth. wt eh 
all goes back to vibration of these parts. 
(in the other hand, H. M. Crane (Wmneght 


vith respect to the vibration, called attention to 


Aeroplane Co.), 


question ot 


the fact that the conditions in an aviation motor are differ 
ent from those in an automobile motor. There you have to 
cover every speed up to 2000 or 3000, or even higher, revo 
lutions per minute, while an aviation motor has mainly to run 
at full power at a certall fixed speed. Hence the eight can 
meet in an aeroplane the conditions for which a six or twelve 


cylinder engine is required in a motor ear. 


William R. MeCulla (P 


¢ his trip to Europe during the present war said that in 


ackard Motor Car Co.) in deserib 
Europe the lowest power with which they want to go up is 
250 or 300 h.p. 
been built in advance for a warplane, but this motor was put 
fast Then 
they went to the geared-down Sunbeam) 


1 These large motors 


They had one motor of 600 h.p. which had 


in a very motorboat for discovering submarines. 


motor (such as the 
and had no trouble with gear reduction. 


ise successfully four-bladed 14 ft. 
tions of the 


propellers. The specifica- 
British Government now eall for a disconnecting 
test of propeilers to make sure that if the propeller becomes 
will not smash the 


loose in the air or is shot motor. 


away it 
As to trouble with magnetos, the speaker ascribed it to general 
He saw an 
The 


was considered to be first-class, and still the closest any 


lack of thoroughness in design and construction. 
aeroplane motor taken down to be overhauled. motor 
one 
of its pistons came to another was within 114 oz., that is, no 
two pistons were of the same weight. It hardly can be ex- 
pected that any magneto could stand that. 

Several of the speakers, especially those who have been in 
europe, expressed dissatisfaction with rotary motors. 
that the use of the 


State 


ments were made Gnome motor, which 


was so popular in French aviation at the beginning of the 
(Abstract of a 


meeting of the Executive Com- 


ar, has been now practically abandoned. 


ste nographi« 
mittee of the 
held at the 


repr rt of the 


Vational Advisory Committee for Aeronautics 


Smithsonian Institution, June 8. 1916, 58 type 


written pages. ) 


Dies 


Cast-Iron Drop-Forcr Dries, A. R. Braden 


Description of a method of making cast-iron drop-forge 


dies which has proved successful on a large variety of shoe 


machine forgings in the Be verly lactory ol the United Shoe 


Mac hinery Co. 

The possibility of using cast-iron dies instead of steel dies 
not only opens an opportunity to effect a large saving in the 
cost of dies, but eliminates the which exists on 


new necessity 


orders of between five and ten thousand pieces of repairing 


the steel dies, and often of planing off the old impressions 
and “sinking” new ones, a costly operation, and one which, 
in addition, delays the work of forging. Also, a common re 
quirement is the changing over of steel dies to agree with a 
change in design of the forging, which is nearly as expensive 
as making new dies. 


The method of making cast-iron dies is said to have been 
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perfected now to the highest point. The most important part 
of this process appears to be the production of the patterns. 
The original pattern proved to be defective and several im- 
provements had to be made. A pattern was originated that 
made it possible to east the die block and the shank with both 
draft and dowel holes, doing away entirely with machine 
work. To accomplish this the pattern for the shank was 
made in three parts—a wide rectangular centerpiece and two 
smaller strips, on each of which were cut the draft and dowel 
holes. Then, when in molding the pattern was ready to be 
drawn from the sand, the pins eonnecting the small pieces 
to the centerpiece were removed and the main part of the 
tongue drawn, making it possible to draw the small strips. 

It was found that the correctness of the pattern was 
spoiled by the warping of the wood frames. This trouble was 
overcome by securing a casting of the pattern and using the 
latter as a model for molding the first die and for filing for 
future use. Further, an aluminum block pattern was pro- 
vided to replace the old wooden one, thus giving a completely 
indestructible die pattern, with the exception of the pattern 
for the tongue, which it has not as yet been necessary to 
replace by metal. 

The latest improvement is a pattern made entirely of 
plaster. A special frame similar in shape to the old wooden 
one is made of east iron, and is adjustable by means of pegs 
and dowel holes to any one of the eight standard die sizes. 
This frame is placed flat on a surface plate, the wood model 
of the forging being held in the proper position relative to 
the frame by means of four clamps that bear on the parting 
line. The patterns for the break-down, anvil, sprue and eut- 
off are sawed out of wood and placed in their proper positions 
inside the frame. The plaster is then run into the frame and 
When hard, the frame is removed together 
with the model and patterns, leaving a complete plaster im- 
pression ready for molding. 

In addition to discarding the stock of expensive wooden 
frames which had to be kept, a great deal of time is saved 
in that the break-downs, anvils, sprues and cut-offs can be 
cast with the impression of the forging by simply cutting out 
the necessary patterns from waste stock on a band saw. These 
plaster patterns made with the adjustable frame may be filed 
away without danger of warping. If they break they can be 
replaced in an hour’s time. 

The maximum time required to turn out cast-iron dies ready 
for the hammer is four days. (The average time for steel dies 
is from one to four weeks.) On one order a pair of cast- 
iron dies produced 5000 forgings. This record will not hold 
for all cast-iron dies, but in many cases their life nearly equals 
the life of steel dies. 

Concerning trimming dies, it is stated that actual trials have 
proved them to be as successful in their line of work as the 
drop-forged dies are in theirs. Excellent results have been 
obtained both in hot- and ecold-trimming work; for instance, 
one die, ground once, and one punch trimmed a thousand forg- 
ings through a flash fully 3/16 in. thick. (American Machin- 
ist, vol. 45, no. 15, p. 621, October 12, 1916, 5 pp., 22 figs. d.) 


allowed to set. 


— om 


Engineering Materials 


THe Farure or Brass.—2. The Effect of Corrosion on the 
Duetility and Strength of Brass, Paul D. Merica. 


Results of an investigation made on a homogeneous alpha 
brass have shown that the electrolytic solution potential of 
this material is increased by the application of a tensile stress. 
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This inerease, as measured, amounts to approximately 0.1 
millivolt for a stress of 10,000 Ib. per sq. in. 

Using this fact as a basis, an explanation ean be given of 
the decrease in strength and ductility of brasses when corroded 
while under stress. Over a roughened surface of a bar under 
tensile stress this stress will vary in value, being greatest at 
the bottom of furrows and depressions and least, almost zero 
The EMF will therefore, 
other things being equal, be greater; i. e., more electropositive, 


indeed, at the tops of the ridges. 


at the bottom of these furrows than elsewhere; corrosion will 
set in here most rapidly forming a erack, which will grow 
narrower and sharper, its rate of growth being greater the 
sharper it is. In time the cross-section of such a bar is so 
reduced by these cracks that fracture occurs, the brass failing 
apparently at a stress value less than the ultimate strength, 
and exhibiting only light elongation (ductility). 

This explanation is borne out by the examination of a 
number of brass failures, have occurred under such 
(Bureau of Standards Technologie Paper No. 83, 


advance abstract. ) 


which 
conditions. 


MICROSTRUCTURE OF PORCELAIN, A. 


A. Klein 


THe CONSTITUTION AND 


A petrographic microscopical study of porcelains prepared 
in the laboratory of the Bureau of Standards and of commer- 
cial poreelain as well as of various combinations of the raw 
materials which enter into porcelain, has led to results which 
are interesting and important both scientifically and techni- 
cally. 

Bodies and mixtures of the following types were examined: 
kaolin, feldspar-kaolin, 
quartz. 


feldspar-quartz and feldspar-clay- 
These were burned to various known temperatures. 
The commercial bodies investigated represented the practices 
of the following countries: United States, England, Germany, 
France, Austria, Denmark and Japan. The end in view was 
to obtain data concerning the changes involved by burning 
porcelain at various temperatures, and it was found possible 
to correlate to a certain degree the constitution and micro- 
structure with the burning temperature of bodies whose com 
position lay within the limits of whiteware and hard fired 
porcelains. 

The result of this investigation leads to the following con- 
clusions: Kaolin appears homogenous microscopically when 
heated up to 1200°. 


dissociation occurs. 


At about this temperature a trace of 
As the temperature is raised above 1200 
the dissociation increases very slowly at first, then at an in- 
creasing rate until at 1400° it seems to be complete. The 
products of dissociation are silica and aluminum silicate. The 
latter compound has been identified as an amorphous phase 
of sillimanite from the following facts: It shows no erystal 
line form, has an index of refraction approximately above 
1.60, and by heating at a higher temperature (about 1450°) 
it inverts to minute needle erystallites corresponding to silli- 
manite in all determinable optical properties. 

Up to 1340° in mixtures of quartz and feldspar, the quartz 
dissolved to only a small extent in the feldspar glass. At 
1460° the quartz practically completely dissolved in speci- 
mens having as high a quartz content as fifty per cent quartz 
to fifty per cent feldspar. 

At 1340°, in specimens containing kaolin and feldspar, the 
kaolin dissociates entirely. The amount of crystallized and 


amorphous sillimanite increases with an increased content of 
kaolin at least to a concentration of fifty per cent kaolin to 
fifty per cent feldspar. 
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At 1460° apparently ten per cent kaolin is entirely soluble 
in the feldspar glass. With higher concentrations of kaolin 
the amount of crystallized sillimanite increases. The needle 
crystals are well developed and comparatively large. 

At 1310° in quartz-clay-feldspar bodies, the feldspar is 
present as a glass; the clay shows almost complete dissociation, 
with the formation of amorphous sillimanite mainly and but 
little erystallized sillimanite, while the quartz is undissolved 
and the grains may still be of considerable size, up to 0.2 mm. 
or more, depending upon the fineness of grinding. 

By burning these bodies at 1380°-1400°, the feldspar glass 
dissolves considerable quartz, there being only a comparatively 
small amount of residual quartz remaining. The quartz grains 
are much rounded and etched, and they seldom show a length 
over 0.06 mm. The clay is dissociated with the formation ot 
crystallized sillimanite, although an extremely small amount 
of amorphous sillimanite may be present. 

The 


identical 


changes involved by burning commercial bodies are 


with those of Com 


laboratory | repared bodies. 
mercial ware ranges from a low-burned porous whiteware in 
which, except for the dehydration of the clay, only the feld- 
spar is changed, to very-high-fired porcelain which consists of 
glass, sillimanite erystallites and more or less of 
quartz, 


residual 
The quartz grains observed in the whiteware and in 
the low-fire] vitreous ware are large and angular, showing a 
size of .2 mm. or more, whereas in the hard porcelain, due 
to solution, the quartz grains are rounded and etched, and 


seldom exceed .05 mm. in length. 

The constitution and the microstructure of porcelain depend 
upon the temperature of burning and change as this tempera- 
ture changes. 
ot the 


This has served as a basis for the estimation 
probable burning the commercial 
bodies, a fact which was accomplished with success, the error 
involved being within twenty-five degrees. 


temperatures of 


It appears that the 
time-of-burning factor is by no means as important as that 
of the burning temperature in determining the constitution 
and microstructure of the ware. 

No eristobalite or tridymite has been definitely observed in 
any of the laboratory or commercial bodies examined. It ap- 
pears that the quartz dissolves in the feldspar glass more 
readily than it inverts to the other modifications of silica. 

In conelusion it may be stated that the petrographic micro- 
scopic study of porcelain led to interesting and, it is to be 
hoped, important technical results. It has placed the chemical 
and physical processes involved in the formation of porcelain 
on a more quantitative thermal basis. Furthermore it has of- 
fered a means of estimating the burning temperature of a ware 
from the examination of a fragment much too small in size to 
be satisfactory for even a chemical analysis. (Bureau of Stan- 
dards, Technologie Paper, No. 80, advance abstract.) 

Some ASPECTS OF THE TESTING OF Rerractorigs, A. V. 
Bleininger 


Data on the behavior under various conditions of clay, silica, 
magnesite, aluminous, carbon and other refractories. In par- 
ticular clay refractories have been investigated with respect 
to porosity, and the diagram Fig. 1 has been obtained showing 
the behavior of one open and four dense burning clays. This 
diagram represents five well-known European fireclays im- 
ported to this country in considerable quantities. 

With increasing temperature the viscosity of refractories de- 
creases, and this softening is the greater the larger the amount 
of fluxes present. It had been suggested, therefore, that the 
deformation at certain temperatures and under given load be 
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rom 
the data recently obtained by the Bureau of Standards (Teeh- 
nologie paper, No. 7), it follows that the softening of the 
bricks becomes clearly manifest at 1350 deg. cent., which seems 
a suitable temperature for this test. The load to be supplied 
should not be greater than 40 Ib. per sq. in., and not less than 
25 Ib. 


and the load W in pounds per square inch is expressed by 


used as a criterion of the refractoriness of firebricks. 


The relation between the deformation temperature T 


Mellor’s equation 


7 ('¢ AW 


where ( deformation without 
load; K —a constant the numerical value of which depends 


upon the particular clay, and e 


temperature ol specimen 
- exponential constant. 

It was found that the more silicious the clay the less the 
difference between the 


deformation with and 


On the other hand, the more the composition of 


| 


temperatures 
without load. 
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Fic. 1 . Diacgram SHOWING BEHAVIOR OF ONE OPEN AND Four 
DENSE BuRNING CLAYS 


the material approaches that of the pure clay substances the 
greater is the difference between the deformation temperatures 
with and without load. It is possible, however, to produce 
high-elay firebrick showing excellent resistance to load con- 
ditions by using a mixture containing as high a percentage as 
possible of calcined No. 1 fireclay and a very refractory bond 
clay. Such bricks have been made under the direction of the 
writer and were found to possess an exceedingly small contrac- 
tion with a load of 50 Ib. per sq. in. and at temperatures of 
1350 to 1400 deg. cent. (Proceedings of the Engineers’ So- 
ciety of Western Pennsylvania, vol. 32, no. 7, p. 612, October, 
1916, 34 pp., 14 figs., e A.) 


Stress Propucep sy BuURNING-IN MANGANESE-BRONZE, 
Paul D. Meriea and C. P. Karr 


An investigation of the initial stresses produced by the 
burning-in of manganese-bronze made in connection with the 


failure of a number of manganese-bronze valve castings used 
in the Catskill aqueduct. 
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In that work experience has shown that large castings of 
this material after some months of service have developed 
fissures through which leakage takes place under only a few 
pounds of pressure. Nearly all these cracks appear to be 
close to or in a repair made by the method of burning-in. 
It was assumed that, after the burning-in, stresses remained 
in the casting particularly severe near or within the burning- 
in area, and that these stresses were responsible for the subse- 
quent failure at these points. 

An experimental investigation was carried out to determine 
the presence and magnitude of these stresses. It was found 
that actually after the burning-in there result stresses greater 
than the elastic limit of the material and the material yields 
thenceforth, the stress following (with probably some time 
lag) the elastic limit of the material, so that the stress as 
measured one or two days after burning-in represents the true 
elastic limit of the material. 

The experiments have indicated how readily severe stresses 
may be introduced into a casting by the burning-in or welding 
of a strained area or part of it. These stresses may be modi- 
fied in complicated shapes by the added influence of distor- 
tion. For instance, in the spherical shell or dome-shaped 
valve casting of the New York Board of Water Supply burn- 
ing-in would tend to flatten the shell and in so doing partly 
relieve these stresses. The authors believe that even in these 
castings, however, local stresses equal to the true elastic limit 
must have been produced. Hence such castings should be 
either preheated carefully for welding so that all parts of the 
casting cool down together from a dull red heat or the casting 
should be subsequently annealed. Experience indicates that a 
low temperature anneal is sufficient for this purpose, say from 
400 to 500 deg. cent. from for one to two hours. (The 
Foundry, vol. 44, no. 290, page 431, October 1916, 3 pp., 4 
figs. ed.) 


Fuels 


STATIONARY BorLers FrireD BY PULVERIZED COAL ON THE 
Missour!I, Kansas & Texas RalrLroap 


The equipment for pulverizing and drying fuel is contained 
in a separate building, the coal being dumped from the cars 
directly into a concrete track-hopper of 50 tons capacity ad- 
joining the building. The plant is designed to handle either 
mine run or slack coal, and immediately below the track- 
hopper is placed a set of Jeffrey double spike-tooth rolls 
which will reduce lumps up to 12 in. by 18 in. to 5 in. eubes 
or less in one operation. 

The equipment throughout the pulverizer plant is operated 
by electric motors. The capacity of the pulverizer plant is 
180 tons per day of 24 hours. 

The boilers in the power house are arranged in pairs, and 
for pulverized fuel are provided with a Dutch-oven furnace 
built on the front of the boiler setting. Each pair of boilers 
is provided with a blower driven by a 10 h.p. constant-speed 
direct-current motor, a blast pipe from this blower entering 
the rear end of an induction tube passing through the wall 
of each furnace. The fuel from the feeders is led by gravity 
through a pipe entering the top of the induction tube near 
the front of the furnace. The action of the high velocity jet 
from the blast pipe induces a large volume of air at lower 
velocity through the induction tube; the fuel is caught by this 
current, is thoroughly mixed and enters the furnace at a low 
velocity, burning with a lazy flame, which practically fills the 
combustion ehamber. The boilers were formerly provided 
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with 3-pass horizontal baffles. In the pulverized fuel fire boil- 
ers these baffles are being replaced by a vertical 3-pass ar- 
rangement from which excellent results have been obtained. 

Various tests have been made with the different fuels men- 
tioned, and all of them were burned with entire success. An 
effective distribution of the heat throughout the heating sur- 
face of the boiler was obtained and the stack temperatures 
were low. No deposit of ash that could not readily be dis- 
lodged with an ordinary air blast settled anywhere in the 
boiler. 

With Texas lignite and a boiler output of 110 per cent 
of rated capacity, an equivalent evaporation of 8.81 Ib. of 
water per pound of combustible was obtained. The coal, 
as fired, had a heating value of 11,250 B.t.u. and contained 7 
per cent moisture, the dryer not being arranged to handle 
this class of fuel regularly. At about 92 per cent of rated 
capacity an equivalent evaporation of 10.9 lb. of water per Ib. 
of combustible was obtained with Mineral slack (Cherokee 
County, Kansas), the fuel as fired containing 1 per cent mois- 
ture. Including the cost of pulverizing, 35 cents per ton, the 
cost of this coal delivered to the bin was $1.795 per ton. The 
cost of evaporating 1000 lb. of water was 11.6 cents, while 
with natural gas, of heating value about 940 B.t.u. per cu. ft. 
and costing 12.5 cents per 1000 eu. ft., the cost of evaporat- 
ing 1000 lb. of water was 16 cents. 

The normal coal feed is arranged to develop about the rated 
capacity of the boiler. At maximum feed, however, the boil- 
ers may be forced to 142 per cent of rated capacity. No diffi- 
culty has been experienced from abnormal furnace tempera- 
tures which would tend to destroy the furnace walls. Even 
under forced conditions the furnace temperature does not 
exceed 2350 deg. fahr., and under normal conditions it is 
about 2100 deg. fahr. (Railway Age Gazette, vol. 61, no. 13, 
page 549, September 29, 1916, 3 pp., 2 figs. de.) 


Furnaces 
NEW ANNEALING FURNACE 


At the plant of the Remington Arms Company, Eddy- 
stone, Pa., there are now in operation two annealing fur- 
naces employing the surface combustion principle and giving 
a neutral or reducing atmosphere which makes it possible to 
treat the forgings without packing or otherwise protecting 
them against possible oxidation. 

The furnaces were provided for annealing rifle parts im- 
mediately after forging. They are of the ecar-bottom type, 20 
ft. long, 12 ft. wide and 9 ft. high. The charge to each fur- 
nace varies from 20,000 lb. to 40,000 Ib., depending upon the 
parts handled. A mixture of water and coal gas is used, aver- 
aging 580 B.t.u. per eu. ft. The gas is delivered and metered 
under a pressure of 25 |b. 

During the heating-up period, each furnace consumes about 
10,000 eu. ft. of gas per hour. When the temperature has 
been reached this is dropped to about 5000 eu. ft. per hour. 
For a maximum weight charge, approximately 72,000 ea. ft. 
of gas is used by each furnace. Two charges per furnace can 
be secured in a 24-hr. day. 

The annealing temperature is 1550 deg. fahr. 

The furnaces are of the heavy-rail buck-stave type, with 
red brick outside. The firebrick lining is backed by cork- 
brick insulation. To prevent in-leakage of cold air, giving 
an oxidizing atmosphere and lowering the furnace efficiency, 
a furnace back pressure is earried, the flue openings being 
small enough to cause this condition. 

Both furnaces are controlled from a central point by a 
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single valve, which regulates the pressure supplied. It takes 
only little of a man’s time to hold the furnaces to the exact 
temperature called for. To maintain a proper reducing at- 
mosphere, the mixture is adjusted to give a flue-gas reading 
of about 1.2 per cent carbon monoxide. 

The article is illustrated by a section of the furnace show- 
ing the refractory material kept at incandescence by the high- 
pressure gas burners. (The Iron Age, vol. 98, no. 12, p. 636, 
September 21, 1916, 2 pp., 2 figs. d.) 


Handling Materials 


A LarGce Reinrorcep-Concrete CoALING PLANT 


Description of the new station for the Duluth, Missabe & 
Northern Railroad, at Proctor, Minn., having a storage capa- 
city of 1000 tons of coal. Of interest because it represents 
recent developments in equipment for handling coal and sand. 
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ated by the ascent and descent of the elevating bucket, being 
arranged in such a manner that 2% tons of coal are dis- 
charged into the bucket each time the latter passes by the 
feeder in its descent. 

The coal is retained in the bucket by means of an apron 
at the bottom. The apron is equipped with a 6-in. roller 
traveling on a continuous steel guide from the bottom of the 
pit to the bucket discharge point. This insures the retention 
of the coal except when the roller guide permits the apron 
to open up at the top of the tower to discharge the coal into 
the bin. 

The operation of the bucket when handling sand is exactly 
the same. The sides of the track hopper have a slope of 50 
deg. to insure the ready flow of the wet sand. Deflectors are 
provided in the chute at the top of the shaft to deflect the 
sand into the sand chute as well as to control the flow of eoal 
into either one of the bins. 


A brief description of the sand-drying plant is given. It 
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Fic. 2 Srartinc DracramMs witH Repucep COMPRESSION 


The design of the superstructure of the station structure is 
simple. The bins are supported on two rows of concrete 
columns along the two sides of the building, six 2 ft. by 2 ft. 
6 in. columns in each row. Transverse girders of the same 
width as the columns span between opposite sides of the build- 
ing over each pair of columns and support the floor of the 
bin. The sides of the bins are 7 in. thick and span horizon- 
tally between pilasters which are 18 in. wide and project 11 
in. into the bin. These pilasters are located directly over 
each column along the two sides of the building and at a 
spacing of about 10 ft. center to center at the two ends. They 
distribute the lateral pressure of the coal to the top and bot- 
tom of the bin, the pressure being absorbed at the bottom by 
the floor system and at the top by a horizontal girder; the 
latter is continuous on all four sides and is braced at each 
corner by a diagonal tie or horizontal knee-brace which con- 
nects the nearest pilasters in adjoining walls. 

The coal delivered to the track hopper in bottom-dump cars 
is fed by a Sehraeder measuring feeder into the elevating 
bucket. This feeder has a capacity of 24% tons, and is actu- 


is of the Beamer steam type, and is so designed that the steam 
pipes themselves act as retaining walls for the green sand, 
permitting the moisture to escape immediately into the atmos- 
phere. The spaces between the coils are such that they 
readily hold the green sand but permit dry sand to slip 
through and fall onto a gravity sand sereen which removes all 
foreign matter and particles of sand of too large a size. 
From the screen the sand passes into a hopper of an automatic 
air drum, from which it is blown by compressed air into the dry 
sand storage pocket. (Railway Age Gazette, vol. 61, no. 13, 
p. 542, September 29, 1916, 3 pp., 6 figs., d.) 


Internal Combustion Engineering 


DigseEL Encines witH Low Compression, Prof. W. H. 
Watkinson 


Abstract of a paper presented to the Newcastle meeting of 
the British Association, September, 1916. In order that the 
temperature of the air in Diesel engines may be raised during 
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compression to the ignition temperature of the oil, the com- 
pression pressure is about 460 to 500 lb. per sq. in., and it has 
hitherto been believed that this high compression pressure was 
necessary to effect self-ignition of the oil sprayed into the 
compressed air. 

While during the normal working of these engines the com- 
pression pressure is approximately the maximum pressure of 
the cycle during the starting period explosions oceur within 
the engine cylinder and the pressure attained during these 
explosions may amount to 800 lb. per sq. in. or more. Be- 
cause of these and other pressures which are liable to be 
developed under certain abnormal conditions, it is necessary 
to make various principal parts of the engine much stronger 
than would be necessary for the normal maximum working 
pressure. The author has found, however, that it is possible 
in several different ways to obtain ignition temperatures dur- 
ing compression without the use of high compression pressures. 

Fig. 2A shows a number of continuous diagrams from the 
engine after these additions have been made to it. In all these 
diagrams the compression pressure is very much lower than the 
minimum pressure hitherto believed to be necessary for self- 
ignition. In the second row of these diagrams the ignitions are 
shown to be taking place quite regularly with a compression 
pressure of 220 lb. per sq. in. Fig. B shows a diagram for 
the starting air and explosion due to self-ignition with a com- 
pression pressure of 330 lb. and a maximum explosion pres- 
sure of 600 lb. per sq. in. and different atmospheric pressure, 
these diagrams being the first to be taken on a certain morning 
when the engine was first started from all cold. 

Fig. C shows a light spring diagram and indicates one way 
by which it has been possible to obtain ignition temperatures 
without a high compression pressure. 

The equation of the compression curve shows that the tem- 
perature at the end of compression in any given case depends 
on the ratio of compression and not on the magnitude of the 
pressure at the end of compression. Further, the experiments 
of the late Dr. Joule indicate that the temperature is not 
sensibly reduced by wire-drawing, and therefore the tempera- 
ture at the beginning of compression is independent of the 
pressure of the air, while the temperature of the air at the 
end of compression is independent of the compression pres- 
Hence, it should be as easy to obtain ignition tempera- 
ture by compression to two atmospheres as it is to obtain it 


(The 


author has not yet, however, made any experiments with such 


sure. 
in the ordinary way by compression to 34 atmospheres. 
low compression pressures.) To avoid the very high pressures 
obtained during the starting of the engine it is only necessary 
to throw the mechanism operating the air-admission valve out 
of action, and then the spring of the valve spindle will auto- 
matically control the wire-drawing of the air admitted to the 
cylinder and the maximum explosion pressure during the 
starting of the engine will then be limited to about the normal 
compression pressure instead of its being 800 lb. per sq. in. 


or more. (The Engineer, vol. 122, no. 3169, p. 266, Septem- 
ber 22, 1916, 2 pp., 7 figs., d e.) 


Leather Articles 


MANUFACTURE OF Pump LEATHERS 


Description of the production of pump leathers at the plant 
of W. & B. Douglas Co., Middletown, Conn. Leather cups are 
produced by a process analogous to the drawing-up process 
of working brass and other sheet metal which imposes upon 
the material a particular set of conditions. As numerous kinds 
of leather articles, such as cup leathers, valve leathers, head 
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packing, coupling packing rings, ete., have to be produced, 
the elementary stages are usually identical throughout the 
complete list of shapes. The starting point is shaving the 
leather to the desired thickness, after which the work is cut 
out to the desired size and shape by special punches and dies. 
These dies are made in hundreds of sizes and in scores of 
patterns, 

The forming operation is accomplished in the pneumatic 
press. In this machine, operated by air under 60 lb. pressure, 
The actual 
die surface is about 1 ft. deep and each cup leather is pushed 


the work is pushed down to a steam-heated die. 


and formed up and punches the one below it down through 
the bottom of the die. If the die 


or sleeve in which the work is formed gets too hot, the leather 


The die is heated by steam. 


is likely to crack, so cold water is turned on, when the operator 
ean tell by touch that the die has become too highly heated. 
It is, however, just as important that the die should not get 
too cold, for if it does the eup leather will wrinkle in the 
drawing-up process. 

This drawing-up of eup leathers is an operation requiring 
considerable skill and judgment on the part of the workman. 
Certain conditions obtained are quite similar to the drawing- 
A slight wrinkle in the form of the die leathers 
actually produces a shallow channel in the outer surface of 


up of brass. 
the cup. While the cup material is flexible enough to take 
care of a certain degree of irregularity, it is not desirable that 
a depression or crease extending across the face should result 
from this forming process. 

The article is illustrated by views of the pump leather de- 
partment, dies, machinery and finished product. (American 
Machinist, vol. 45, no. 15, p. 631, October 12, 1916,°3 pp., 5 
figs. d.) 


Machine Shop 


PARALLEL-DeptH Bevet Gears, William C. Glass 


Since the particular shape of the teeth of bevel gears is 
non-essential, provided the teeth in the mating gear are con- 
jugates in so far as action is concerned, the ideal condition 
would be to have the teeth of such a form that exactly the 
same procedure and kind of cutter would be required to pro- 
duce both. Still further advantage could be derived from 
producing such a form of tooth with rotary cutters on an 
automatic machine that can be set up by an ordinary machin- 
ist. This has been accomplished in a simple manner by a 
method by which hundreds of gears have been cut. So far 
they have been cut on a universal gear cutter requiring two 
settings to complete the gear, but the author claims that it 
would not be difficult to make the operation fully automatie. 

The process admits of two general designs, (1) the stub- 
tooth form used preferably in new designs on account of its 
greater strength; and (2) the standard-depth form for gears 
to mesh with others eut by one of the generating processes. 

It is necessary to have for each gear a gage for setting the 
gear cutter and a thickness gage equal to 1.157 — 
pitch for obtaining the proper depth of eut. It is also well 
to have a testing fixture for trying the gears in pairs. 


diametral 


Fig. 3A gives the particular data required in this process. 
X represents a bevel gear and Y its setting gage. For the 
stub-tooth form is used a standard involute spur-gear cutter, 
and for the standard-depth form an involute bevel-gear cut- 
ter. The writer gives the following formulae and data: 

Known W = eenter and eut angles, diametral pitch 
(in the stub-tooth form W is the center, eut and face angles. 
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In the standard-depth form W 
while the face angle is formed by a line Z, Fig. A, from the 


is the center and cut angles, 


corner of the gear to the apex of the pitch cone as in the regu- 

lar bevel gear) 

teeth 

T = thickness of eutter at a depth of 1.157 — 
Required 2¢ 


V number of 
diametral piteh 
diameter of setting gage 

| set-over angle 


D diameter from which to choose eutter 


Cc 7/(2sin 90/N) 

R = C/sinW 

D=2R tan W 
Sint T/2R 


The eutter is set central in relation to and in line with the 
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sequently the volume generated by the piston on each cycle; 
and the meter pumps in which the measurement is performed 
by passing the liquid through a meter, commonly of the nuta- 
ting-piston type, the discharge of liquid through the meter 
being produced either by displacement of the oil over water, 
by pneumatic pressure or by mechanical pumping. 

A third type of measuring system is founded upon the prin- 
ciple of overfilling a measuring chamber and then removing 
the excess by abstraction to a definite level. In a modification 
of this type the measurement is obtained by direct reading of 
the height of the liquid column on a graduated scale at the 
beginning and end of the withdrawal of the liquid from a tank 
or eylinder. 


A portable apparatus is also in use comprising a small stor 
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LAYOUT AND 


spindle and brought to the gage, as shown in Fig. B. The 


cutter 1s drawn back (see Fig. C) and replaced by a height 
gage that is centered over the swiveling stud in the gear cut- 
ter. A 


thickness = 


thickness gage equal to 1.157 —diametral pitch in 
B is placed between the point of the height gage 
and the gear gage. The slide is then tipped up to the cut 


angle and moved out until the point of the height gage is 


brought to the corner of the gage Y, as shown in Fig. D. The 
gear gage ) is then replaced by the gear blank X. The slide 
is next turned about the swiveling stud the amount of the 


set-over angle V cut taken around the 


The slide is then set over the opposite side of the center 


(ep. Fig. E) and a 
gear. 
line the amount of the set-over angle V and a final cut taken 
around the gear. 

Frank C. 
(American Machinist, vol. 45, no. 15, p. 633, October 12, 1916, 
2 pp., 6 figs. d.) 


This process has been developed by Stevens. 


Measuring Apparatus 


Liguip Measurine Pumps, F. J. Sehlink 


The importance of the measuring pump is principally due 
to the large quantities of gasoline sold as fuel for motor cars 
through its various forms. About 27 firms are now engaged 
in the manufacture of the various measuring pumps and 
liquid dispensing systems. 

The main types of measuring pumps are the piston pump, 
which is in principle the usual plunger pump with stops that 
act to define accurately the limits of the piston stroke and con- 
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PARALLEL-DEPTH 


age tank and a measuring pump. The precision of such de- 
vices is usually higher than that of most stationary tanks, as 
the suction lift can be kept a minimum and the danger of 
vaporization and leakage below the piston is much reduced. 

In the testing and inspection of measuring pumps it is 
essential to determine whether the installation is free from 
inward leaks of air and outward leaks of gasoline. 

The principal causes of short delivery of pumps of the pis- 


ton type are leakage of foot valves and formation of vapor or 
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Fig. 3, E 




















Finat Cur 
air spaces under the piston. It appears that a total vertical 
suction lift greater than 7 ft. may be excessive with the ordi- 
nary commercial (not “ blended” or “ casing-head ”) gasoline. 
“ Casing-head” or “blended” gasoline should not be lifted 
any appreciable vertical distance on the suction side in pumps 
in which the pistons and cylinder form the measuring elements, 
on account of the vaporization difficulty before-mentioned. 
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The writer diseusses several other sources of error, among 
which is the possibility of short deliveries consequent upon 


operating the piston at less than full stroke. It is noteworthy 
that nearly all of the defects of construction and installation 
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Barrel: 
1 Barrel 
2 Base pin 
3 Base spline 
4 Fixed base 


Firing Pin: 
30 Cocking piece 
31 Firing-pin rod 
32 Firing-pin sleeve 
33 Floor plate 
5 Fixed stud 34 Floor-plate catch 
6 Stud pin 35 Floor-plate pin 
Bolt: 36 Floor-plate spring 
- 37 Follower 
‘ Bolt 
8 Extractor collar 
Bolt Stop: 
9 Bolt-stop pin 
10 Bolt-stop spring 
Butt Plate: 
11 Butt plate 
12 Butt-plate cap 
13 Butt-plate pin 
14 Butt-plate screw, large 
15 Butt-plate screw, small 
16 Butt-plate spring 
17 Butt-plate screw 
Butt Swivel: 
18 Butt swivel _ 
19 Butt-swivel pin 
20 Butt-swivel plate 
21 Butt-swivel screws (2) 
Cotes: 
2 Cutoff 
23 Cutoff plunger 
24 Cutoff screw 
25 Cutoff spindle 
26 Cutoff spring 
‘ 
25 
29 


Rear Sight (Continued): 
61 Slide binding screw 
62 Slide cap 
63 Slide-cap pin 
64 Slide-cap screw 
65 Windage screw 
66 Windage-screw collar 
67 Windage-screw knob 
68 Windage-screw pin 
69 Windage-screw spring 
70 Receiver 

Front Sight: 

38 Front sight 

39 Front-sight pin 

40 Front-sight screw 

41 Movable stud 

42 Guard 

43 Guard-screw bushing 
44 Guard screw, front 
45 Guard screw, rear 

46 Hand guard 

47 Hand-guard clips (2) 
48 Lower band 

49 Lower-band screw 
50 Lower-band spring 
51 Lower-band swivel 
52 Magazine spring 

53 Mainspring 


Safety Lock: 
71 Safety-lock plunger 
2 Safety-lock spindle 
73 Safety-lock spring 
74 Safety-lock thumb piece 
75 Sear 
76 Sear pin 
77 Sear spring 


Sleeve: 
78 Sleeve 
79 Sleeve lock 
80 Sleeve-lock pin 
81 Sleeve-lock spring 
82 Stacking swivel 
83 Stacking-swivel screw 
84 Stock 
85 Stock screw 
86 Stock-serew nut 
87 Striker 
88 Trigger 
89 Trigger pin 
90 Upper band 
91 Upper-band screw 


1903 Service RIFLE 


Rear Sight: 
54 Base spring 
55 Drift slide, 0.05 peep 
56 Drift-slide pin 
57 Joint pin 
Ejector 58 Leaf 
kjector pin 59 Movable base 
Extractor 60 Slide 
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Fig. 4 Sections OF SPRINGFIELD MODEL 
(leakage of air and liquid, retention of liquid by the hose, 
vapor formation consequent on excessive suction head, failure 
to complete the full stroke, and slippage of liquid past valves 
and piston) tend to produce errors in the one direction of 
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undermeasurement. (Abstract of paper read at the Annual 
Conference of Weights and Measures of the United States, 


May 23, 1916.) 

Munitions 

Unirep States Munitions. <A SprRINGFIELD Mope. 1903 
SERVICE Rirte. GENERAL SPECIFICATIONS AND 


BARREL OPERATIONS 


With this article begins a complete description of the manu- 
facture of the Springfield rifle, showing each operation of each 
component part and illustrating the machines, tools, 
tures and production methods. 


jigs, fix- 
The major part of the article, 
notwithstanding its high interest, is unsuitable for abstracting. 

There are 93 component parts in this rifle. 


listed under Fig. 4 


The names are 
, which shows the important parts by num- 


bers. 
The steel used in the rifle is divided into seven classes. These 
are music wire and screw stock of commercial grade; three 


classes of steel made by the open-hearth or crucible process and 
two classes of steel made by either open-hearth or Bessemer 
process. The proportions of carbon, manganese and silicon 
may be varied, but the maximum limits given for manganese, 
sulphur and phosphorus must not be exceeded. No nickel or 
other alloys shall be used in any of the grades. Data are given 
on an annealing of the forgings used in the manufacture of: the 
rifle. (American Machinist, vol. 45, no. 15, 
12, 1916, 12 p., 69 figs., d . 
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TEACHING THE MANUFACTURE OF UNITED STATES MUNITIONS, 
Howard E. Coffin 


Introduction to a series of articles on the manufacture of 
munitions for the United States Government. 
phasizes anew the need of organizing and edueating the in- 
dustries of the United States in the manufacture of 
tions. 


The author em- 


muni- 
He points out the vital need for a text-book dealing 
with this work. 

The orders for foreign governments has 
taught American manufacturers that the making of materials 
of modern warfare is a new art, had little 
or no previous experience and in which our workmen are 
unskilled. 

There are in the United States vast resources in manufac- 
but 
the national service. 


experience on 


in which we have 


turing and producing equipment, 
and 


they are unorganized 
European experi- 
ence teaches, however, that it is upon organized industry that 
all plans of military defense must be based, and in ease of 
trouble with any first class power from 80 and 90 per cent 


of our industrial activities would be centered upon the making 


unedueated for 


of supplies for the Government. 

Industrial preparedness is strictly in keeping with the natu- 
ral tendencies and the The 
but to make them available 


abilities of American people. 
necessary resources are present, 
in time of emergency most careful methods of organization 
and education are essential. 

The article proceeds to a discussion of the work of the 
Naval Consulting Board, in particular that of the Committee 
on Industrial Preparedness. The work accomplished by this 
Committee will in due time be turned over to the newly 
authorized Council of National Defense, which will carry for- 
ward the work of education and organization of our resources 
for national emergency service. 

The writer expresses in strong terms his appreciation of 
the work done by the editor-in-chief and staff of the American 
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Machinist in this direction of education in the manufacture 
of munitions. (American Machinist, vol. 45, no. 15, p. 617, 
October 12, 1916, 1 p. g.) 


Railroad Engineering 


Locomotive PropLems THat DEMAND So.LuTion, George M. 
Basford 


Diseussion of a few of the more important phases of de 
sign and operation which are greatly in need of attention. 

The author claims that very little positive information is 
available upon the circulation of water in the boiler. 

Much attention is being devoted to grate design. Condi 
tions requiring maximum power lead to the conclusion that air 
openings through the grates should be as large as the char 
acter of the coal used will permit. Thirty per cent is aimed 
at. A vital factor in the production of heat is the design of 
the ash pan, a difficult problem, as the speed of gases in a 
big fire-box working hard may be as high as 200 miles per 
hour. It is no easy matter to provide air openings in the ash 
pan sufficient to maintain their atmospheric pressure at max 
imum rate of power development. 

To attain, with all fuels, the highest degree of heat intensity 
per unit of fire-box volume is a problem in which, according 
to the writer, important developments are almost ready to 
be announced. 

Another big problem is that of burning the gases completely 
before they reach the flues. The tendency seems to be in the 
direction of larger fire-boxes, larger grates, larger combustion 
chambers, and new developments in the mixing of the burn- 
ing gases by improvements in brick arches. 

A promising field is that of front air-draft appliances, such 
as pump action necessary for draft with minimum back-pres- 
sure load on the cylinders. The author asks why a front-end 
construction that itself consumes 33 per cent of the draft pro- 
duced should be perpetuated. 

Improved valve motion and improvements in superheating 
are two fields where great progress has been made and still 
greater possibilities exist. 

Of equal importance is the matter of feed-water heating. 
Successful feed-water heating will permit of modernizing ex- 
isting boilers of outclassed locomotives to render them in 
many cases again available for service which has outgrown 
them. Locomotive boilers should be relieved of the duty of 
heating water; it should come to them hot, leaving only the 
evaporation to be effected in the boiler. 

The matter of water purification is becoming more impor- 
tant every day. 

No loco- 
motive improvement fills its natural field so well, when properly 


The compounding principle is coming into its own. 


fitted into the general scheme of locomotive design. 

*E 
you could see confidential figures now in the desk of your 
speaker some of you would jump to the task of improving 
locomotive design with respect to lightening reciprocating and 
revolving parts of locomotives.” 


Regarding thé use of alloy steels, the author states: 


Best locomotive records reflecting up-to-date developments 
show a water rate of 14.6 lb. per i.h.p.-hr. What may be 
termed unimproved locomotives produced this unit on about 
24 to 30 |lb., and between these figures lie great possibilities, 
especially as the majority of locomotives are in or near the 
24-lb. class. 

(Railway Age Gazette, vol. 61, No. 13, p. 539, September 
29, 1916, 3 pp., g.) 
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CoMMERCIAL Motor VEHICLES FOR RAILWAY AND INDUSTRIAL 
PURPOSES 


Description of the Tilling-Stevens gasoline-electrie vehicles, 
particularly the type designated by the makers as TS-3, 40 h.p. 
The wheel base is 13 ft. 6 in., with a wheel track of 5 ft. 
length of 23 ft. 9 in. 


cluding body, is rated up to 4 tons 15 ewt. 


614 in. and an overall The load, in- 

The frame is of pressed steel throughout, braced by cross- 
members having large gussets formed solid with them. Fach 
of the main side members is pressed from one solid steel plate 
The 
engine is of the 4-ceylinder enclosed vertical type, 4.75 in. 


and is long enough to take the longest type truck body. 
bore and 5.5 in. stroke. Cylinders are cast in pairs with the 
inlet and exhaust valves (interchangeable) placed on the near 
side and operated by a single cam shaft. Oil is cireulated by 
means of a gear pump situated in the oil sump formed in the 
bottom half of the erankease. The connecting rods are pro 
vided with dippers which pick up the oil from the troughs 
and distribute it to the working parts of the engine. The 
lubrication is entirely automatic. 

The radiator is of the plain tubular type with large water 
tanks, and the whole of the system is free from pockets in 
which steam or air might collect. . The fan 
Whittle belt. 


Electrie 


is driven by a 


transmission consists of a generator driven di 
rectly by the engine through a flexible coupling, a series-wound 
electric motor direct coupled to the cardan shaft and the con- 
troller box. The generator is capable of an output of from 
1 to 30 kw. at a speed varying from 350 to 1400 r.p.m. and 
voltage from 0 to 300, and has been designed with a falling 
that 


when the engine is fully loaded is accompanied by a corre 


characteristic so any increase in demand for current 


sponding reduction in voltage. The output in kilowatts at 
any speed is proportional to the power exerted by the engine, 
but the volts and amperes may vary over a large range ac- 
cording to the gradient, speed or degree of acceleration re- 
quired. The controller and speed regulator are carried in 
separate aluminum cases. The controller is of the tramway 
type with screw adjustment to the contact fingers. The speed 
regulator is of the multiple-contact type and operates by 
varying the resistance in the shunt field of the generator and 
by shunting the series field of the motor. On level roads and 
ordinary gradients the whole of the control is effected by a 
gas throttle pedal operated by the right foot of the driver. 
On stiff gradients the shunt resistance has to be employed to 
allow of increased engine speed. 

The electric equipment cannot be burned out, as the maxi- 
mum effort of the prime mover, namely, the engine, is limited. 
The drive from electric motor to back axle is by means of a 
The 


back axle is worm-driven, the worm being placed above the 
£ } 


propeller shaft fitted with universal joints at each end. 
worm wheel. The steering is of the irreversible Ackermann 
type; it is fully described and illustrated in the article. 

One of the advantages claimed for the gasoline-electric car 
is the elimination of gear changing. It has been calculated 
that the average number of gear changes in an omnibus in 
London publie service amounts to 800 a day. The strains on 
transmission and chassis during starting are at least twice as 
great as with an indirect gasoline-electric drive, and may be 
considerably more than this, as illustrated in the diagram, Fig. 
5, in which Curve I indicates the strains due to the starting 
up of a gear-driven omnibus of the latest type, and Curve 2 
is due to an electric transmission of the same capacity. In 
the first case the starting is effected by three successive im- 
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pulses with intervals of no load due to the disengagement of 
the clutch between each change of speed, the maximum strains 
being limited by the condition of the clutch and the personal 
element of each driver. It must be further borne in mind 
that a tired driver may at any time let his clutch in with praec- 
tically the effect of engaging a dog elutch, causing extremely 
heavy strains on the transmission and all parts of the vehicle, 
as indicated by the dotted lines on Curve 1. 

In Curve 2 it will be seen that the same amount of energy 
applied to the road wheels by an indirect electric drive will 
not require half the maximum torque demanded in the case 
of elutch-and-gear transmission, as the impulse is continuous, 
increasing gradually with the excitation of the generator, and 
it is not in the power of the driver to increase this torque oth- 
erwise than gradually. (The Railway Gazette, vol. 25, no. 10, 
p. 255, September 8, 1916, 6 pp., 11 figs. d.) 


INITIAL STRAINS IN STEEL RalILs 


Abstract of a report made by James E. Howard, engineer- 
physicist of the Interstate Commerce Commission, on the ex- 
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amination of the rail the failure of which eaused a derailment 
of a passenger train on the Western Maryland Railroad (Jan. 
7, 1916). 

According to the report, the investigation showed that the 
rail that caused the derailment failed by the head splitting, 
from lack of structural soundness of the steel. 

The writer traces this latter to the state of the metal in 
the ingot that produces seaminess, and it is this seaminess, 
rather than segregation, that apparently constitutes the real 
danger. : 

As a mill question it is, therefore, important to remove the 
causes of this seaminess, and until this is done reliance must 
be placed on track inspection for the detection and removal 
of rails having split heads. 

The report discusses further the effect of initial strains in 
the rail. Such initial strains, due to cooling during fabrica- 
tion and to the cold-rolling action of the wheels on the run- 
ning surface of the head, inerease the total stresses of the rails 
These initial strains 
should, therefore, be taken into consideration in judging the 
strength and ability of the rails to endure the loads imposed 
upon them in the track. 

The report diseusses further the effect of initial strains in 
rails under normal conditions of cooling when the rate of cool- 


when the wheels are in certain positions. 
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ing was accelerated and when it was retarded, and of the 
strains present in annealed sections. As to the effects of gag- 
ging, it is stated that the magnitudes of the initial strains in 
the gagged sections were found to be lower than those in the 
corresponding sections which cooled normally.- In the head, 
the normal condition of a state of compression was reversed 
The report 
insists upon a distinction between the permanent sets of ten- 


and initial strains of tension were introduced. 


sion or compression that are given the rail by the process of 
gagging, and the initial strains that result therefrom. 


The effects of sudden heating have a bearing upon the 


strains momentarily introduced in rails when “* wheel-burns ” 
oceur, as well as influence the strains in brake shoes and the 
rims and plates of wheels. (Th« 

654, September 21, 1916, 1 p. e.) 


Tron Age, vol. 98, no. 12, p. 


Refrigeration 


THE TESTING OF THERMAL INSULATORS, H. C. 
M. S. 


Dickinson and 
VanDusen 


Data of work done at the Bureau of Standards, communi- 
eated by H. C. Dickinson to the Meeting of the 
American Society of New York, 
December, 1915. 


The writers point out that between the simple mathematical 


Annual 


Refrigerating Engineers, 


and physical problem of heat transfer through a homogeneous 
solid material, or even several such materials combined, and 
the practical engineering problem of heat transfer, there is 
a long step which neither the experimental physicist nor the 
engineer has generally been inclined to take. This led to two 
distinct groups of experimental investigations, one of which 
offers an immense quantity of data on the internal conduetiv- 
ity of many materials, while the other offers a large number 
of determinations of the apparent heat transmission of vari- 
ous simple and compound walls, often under ill-defined con- 
The writers give certain defi- 
nitions which are of interest, since the terms defined are not 


ditions of surface temperature. 


always used in the same sense in technical literature. 

Conductivity is equivalent to specific conductivity or in- 
ternal conductivity (7. ¢., the amount of heat passing per unit 
time through a unit area of the material when the tempera- 
ture gradient is 1 deg. per unit thickness. 

Gradient is the space rate at which temperature changes in 
passing through the material. 

Conduction is the amount of heat per unit area which will 
pass in unit time between the surfaces of the wall when the 
temperature difference between them is 1 degree. 

Transmission is the amount of heat which will pass (unit 
time, unit area) through a given layer of insulating material 
when the temperature difference between the medium (air, 
brine, ete.) on one side of it and that on the other side is 1 
degree. 

Thermal resistance is the reciprocal of conduction. 

The paper discusses the computation of transmission of 
compound walls and analyzes the air-conduction problem. 
From this the writers pass to a deseription of the investiga- 
tion of the apparent conduction of air spaces as part of the 
study of the problem of insulation. A description is given 
of the apparatus used which consists essentially of a pair of 
copper heater plates enclosing a uniform electric heating ele- 
ment and two water-cooled outside plates. The heat supplied 
is determined by measuring the electric energy delivered to 
the plate. When used for air-conduction measurements, bot- 


tomless boxes of soft wood or other suitable material are 
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made of various thicknesses to afford different widths of air 
space. They are inserted between the heater plate and the 
water-cooled plates just as a solid insulation sample would 

be. 

Important variations of the apparent conduction through 
air spaces occur with change of width, although it has often 
been assumed that all air spaces have about the same con- 
duction. Actually for very narrow spaces, that is, less than 
36 in., the resistance to the passage of heat increases almost 
thickness. 

until it 


in proportion to the Beyond this the resistance 


increases less rapidly, reaches a maximum above 
which a greater thickness offers less resistance to the passage 
of heat. It is plain that convection plays no appreciable part 
in the conduction of air spaces of less than %, in. width when 
8 in. high. 


of air spaces is affected by temperature difference. 


which the resistance 
The 


eurves are plotted for resistance corresponding to conduction 


Fig. 6 shows the manner in 


per degree difference in temperature. The less the tempera 


ture difference the greater the resistance. The conductivities 
and conductions of air spaces of various widths for various 
differences of original 


temperature are tabulated in the 


article. The effect of varying heat upon the resistance of air 
spaces of various widths is shown by curves. A curve show 
ing variation 


height 


of conductivity of vertical air spaces with 
when the temperature differences are small and the 
widths not greater than the width of maximum resistance for 
that for 
(width of space remaining the same) the 


each particular height indicate heights 


greater than 2 ft. 


seems to 
conduction changes very little. However, this conclusion is 
an extrapolation not yet verified by experiment. 

A knowledge of the conduction of air spaces and rigid in 
sulators enables one to compute the conduction of almost any 
compound wall by adding the reciprocals of the conductions, 
i. €., It is true that the 
conduction of a wall containing air spaces depends upon the 


the resistances of the various parts. 


temperature difference, unless the air spaces be less than 1 
in. wide. But the variation of conduction with temperature 
difference is not large enough to prevent the computation of 
wall conductions for usual conditions to within reasonably 
close limits, The data presented above explain some appar- 
ent contradictions. For instance, it has long been assumed 
that for practical purposes all air spaces in wall construction 


have about the 


same conduction. This has 


been approxi 
mately true for air spaces less than 7% in., but the suggestion 
has been made that increasing the number of air spaces at the 
expense of their width would give any desired amount of 
insulation in a given space. This is not true because the con- 
duction is no longer the same for spaces below 1% in. in width, 
and increases almost in proportion to the decrease in width 
below this figure, so that practically nothing is gained by 
making air spaces narrower than this. 

The writers show that, in the construction of walls such as 
those of refrigerator cars in which air spaces are employed, 
when the total air space available is 1 in. or more in width, a 
decided advantage is gained by so distributing the material 
that it splits this air space into two or more parts. 

The paper briefly discusses the conductivity of rigid insu- 
lators and the methods of testing such insulators. The 
Bureau of Standards expects in the course of a few months 
to have secured and tested samples of the important com- 
mercial insulators. In fact, data of tests of some of these 
insulators are given in a table in the appendix. (A. S. R. E. 
Journal, vol. 3, no. 2, page 5, September, 1916, 21 pp., 5 figs. 
eA.) 
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Tue SmALuest Cooper System Coup-SrTrorace PLANT 


Description of a plant installed by the lowa State Agricul- 
tural College at Ames, Ia., for experimental purposes, espe- 
The 


As it was desired to secure sev- 


cially in connection with fruit research work. refrig- 
erated space is quite small. 
different 


thermostats were placed within the cooling chamber. 


eral temperatures, small chambers controlled by 
These 
small chambers are so arranged that by maintaining the cool- 
ing chamber at the maximum low point required, heat may 
be applied in the small chambers and thereby any higher tem 
perature desired may be maintained therein. 

It is stated that in addition to experiments on the respira 
tion of fruits at various temperatures, experiments have also 
been made on germination. In these latter experiments seeds 
which require a low temperature for germination have been 
placed within the small chambers controlled by thermostats, 


the aim being to determine the minimum, maximum and opti 
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mum temperatures required for germination. (Cold, vol. 7, 
No. 12, page 135, October 1916, 2 pp., 3 figs. d.) 


THE FLow or SUPERHEATED AMMONIA GAS IN PIPES, 
Edward F. Miller 


The paper gives in condensed form the results of an investi- 
gation made by Edward A. Whiting and Edward H. Will- 
iams, class of 1916, Massachusetts Institute of Technology, 
and presented by them as their thesis. 

The tests from which the data referred to in the paper were 
compiled were undertaken to obtain sufficient data on the 
flow of superheated ammonia in a pipe open to the air, from 
which, taking into account the length of the pipe, the nee- 
essary size of the discharge of a safety valve might be deter 
mined. 

The experiments were all made on Beyers pipe 1.5 in. in 
diameter. The orifice used for measuring the flow was 0.5 
in. diameter with the curve 0.25 in. radius at 
straight part of the orifice being 0.75 in. long. 
in the orifice was cbtained through an opening 1 


entrance, the 
The pressure 
32 in. diam- 
eter drilled at right angles to the straight part of the orifice. 
Experiments were run with the head pressure varying by 25 
lb. from 50 lb. gage through 200 lb. gage, with pressures at 
the entrance to the 1.5-in. pipe varying from 31 lb. absolute 
to 67 lb. absolute and temperatures from 141 to 171 deg. fahr. 
The results are given in the form of two capacity drop curves, 
one for a pipe with tees and the other with no tees. 

A formula deduced to fit the experiments on 114-in. pipe 
with tees in the line was given as 








940 


100 d\"" 
W=16 Di — 
(=) 
where D = density at entrance, 
d = pressure drop in pounds for length L, 
L = length of pipe in feet, 
W = weight per second in lb. 
Probably there will be but little error if this formula is put 
into the form given below, so as to make it apply to pipes 
from 1 in. to 2 in. diameter. 


100 d\ “Bb? 
W —1.6 o(= ) : 
L 2.25 


where b = diameter of pipe in inches. 
The Babeock formula with a constant deduced from these 
experiments becomes 


f adDv 1s 


iW” = 2.37 | 36 
1+ ; L | 


These formule, if applied in figuring the discharge capacity 
of 100 ft. of pipe on the outlet of a safety valve having inlet 
and outlet pipes of the size called for by the refrigeration 
regulations in force in Massachusetts, show that in every case 
the pipe has a discharging capacity at least 50 per cent 
greater than the rated capacity of the valve. (A.S.R.E. Jour- 
nal, vol. 3, no. 2, p. 26, September 1916, 3 pp., 1 fig. et.) 


Research 


THE RevatTiOn OF Pure Science TO INpusTRIAL RESEARCH, 
J. J. Carty 


President’s address delivered at the Annual Convention of 
the American Institute of Electrical Engineers at Cleveland, 
Ohio, June, 1916. 

The writer traces the growing appreciation of the import- 
ance of industrial scientific research primarily to the events 
in Europe, and the recognition of the unpreparedness of our 
own country to defend itself against attack. Industrial re- 
search conducted in accordance with the principles of science 
is no new thing in America. The Engineering Department of 
the American Telephone and Telegraph Company, under the 
charge of the speaker, was founded nearly forty years ago to 
develop, with the aid of scientific men, the telephone art, and 
has grown from small beginnings to a great institution em- 
ploying hundreds of scientists and engineers. It is generally 
acknowledged that to industrial research thus conducted we are 
largely indebted for the telephone achievements in America 
being so greatly above those of other countries. 

The same applies to the development of electrie light, elec- 
tric power and electric traction. Vast sums are being spent 
annually upon industrial research by some of the larger elec- 
trical manufacturing concerns, but the speaker says with au- 
thority that these laboratories return to the industries each 
year improvements in the art which taken all together have a 
value many times greater than the total cost of their produc- 
tion. Money expended in properly directed industrial research 
conducted on scientific principles is sure to bring to the in- 
dustries a most generous return. 

Industrial scientific research departments can reach their 
highest development in those concerns doing the largest amount 
of business, and small concerns without codperation among 
themselves cannot have the full benefit of industrial research, 
for no one among them is sufficiently strong to maintain the 
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necessary staff and laboratories. But once the vital import- 
ance of this subject is appreciated by the small manufacturers, 
many solutions of the problem will promptly appear. One of 
these is for the manufacturer to take his problem to one of 
the industrial research laboratories already established for the 
purpose of serving those who cannot afford a laboratory of 
their own. There are now under consideration many plans 
for the establishment of industrial laboratories to serve con- 
cerns which cannot afford laboratories of their own, and in 
some cases the possible relation of these laboratories to our 
technical and engineering schools is being earnestly studied. 

But until the manufacturers themselves are aroused to the 
necessity of action in the matter of industrial research, no plan 
ean be devised that will result in the general establishment of 
research laboratories for the industries. 

In the present state of the world’s development there is 
nothing which can do more to advance American industries 
than the adoption by our manufacturers generally of indus- 
trial research conducted on scientific principles. In the minds 
of many there is confusion between industrial scientific re- 
search and purely scientific research, particularly as the indus- 
trial research involves the use of advanced scientific methods 
and calls for the highest degree of scientific attainment. The 
distinction lies not in the subject-matter of the research but 
in the motive. Industrial research is always conducted with 
the purpose of accomplishing some utilitarian end. Pure 
scientific research is conducted with a philosophical purpose 
for the discovery of truth and for the advancement of the 
boundaries of human knowledge. At the same time, while a 
single discovery in pure science when considered with refer- 
ence to any particular branch of industry may not appear to 
be of appreciable benefit, yet when interpreted by the indus- 
trial scientist, with whom may be classed the engineer and the 
industrial chemist, and when adapted to practical uses by 
them, the contributions of pure science as a whole become of 
inealeulable value to all the industries. 

But who is to support the researches of the pure scientist, 
to furnish the laboratories and the funds for apparatus, travel- 
ing and foreign study? It has been suggested that perhaps 
the theater of scientific research might be shifted from the 
university to the great industrial laboratories which have al- 
ready grown up, or to the even greater ones which the future 
is bound to bring forth. The speaker does not agree with 
this. Organizations and institutions of all kinds engaged in 
pure scientific research should receive every encouragement, 
but the natural home of pure science and of pure scientific re- 
search is to be found in the universities, from which it can- 
not pass. Instead of abdicating in their favor, our univer- 
sities, stimulated by the wonderful achievements of these 
industrial laboratories, should find a way to advance the con- 
duct of their own pure scientific research. 

The universities, however, are not money-making institu- 
tions. Well, there is much that can be done without money. 
The most important and most fundamental factor in scientific 
research is the mind of a man suitably endowed by nature, 
and responsible university authorities should apply their judg- 
ment so that when the man with the required mental attributes 
does appear he may be appreciated as early in his career as 
possible. 

While, however, there are many things and most important 
things which the universities can do to aid pure science with- 
out the employment of large sums of money, there are, never- 
theless, a great many things required in the conduct of pure 
seientifie research which can be done only with the aid of 
money, and the first of these is to provide a master scientist, 
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when he does appear, with all the resources and facilities and 
assistance, so as to afford a full freedom of development to the 
range of his genius. 

Workers in pure science should be located not only in our 
great universities, but also at our technical schools, where the 
influence of a discoverer in science would serve as a balance 
to the practical curriculum and familiarize the student with 
the high ideals of the pure scientist and with his rigorous 
methods of investigation. 

The engineering student should be taught to appreciate the 
ultimate great practical importance of the results of pure 
scientific investigation and to realize that pure science fur 
nishes to engineering the raw material, so to speak, which 
must be worked into useful forms. A better understanding is 
required of the relation between the pure scientist and the 
applied scientist, and this understanding would be greatly 
helped by a closer association between the pure scientist and 
the student in the technical schools. (Proceedings of the 
American Institute of Electrical Engineers, vol. 35, no. 10, p. 
1411, October, 1916, 10 pp., g.) 


CONCERNING EFFICIENT MEANS FOR ESTABLISHING A CONNEC- 
TION BETWEEN SCIENCE AND INpustrRy, A. Blondel 


In a recent sitting of the French Academy of Sciences a 
member, Le Chatelier, presented a paper on the necessity of 
establishing in France a closer relation between the work ot 
pure scientists and the industrial activities of the country. 

It appears that in France the prevailing tendency is for 
savants to keep aloof from practical activities, and the 
Academy of Sciences has no section devoted to practical en- 
gineering of today. 

The author of the present article, A. Blondel, chief engineer 
of the Department of Bridges and Roads, and also member 
of the Academy of Sciences, emphasizes still more the neces- 
sity of such a cooperation. 

He points out that the French Academy even now includes 
such sections as geography and navigation and medicine, 
which points to the desire of the founders to inelude in the 
scope of the activities of the Academy practical engineering, at 
least practical engineering of those days. Since then, however, 
engineering has developed without a corresponding growth in 
the scope of the work of the Academy. 

He therefore suggests the creation of sections of industrial 
engineering, applied and constructive mechanics, applied chem- 
istry and industrial physics. It appears that the part of the 
Academy of Sciences in bringing together the pure scientist 
and the engineer is particularly important in France. There 
are certain technical societies such as the Society for the 
Encouragement of National Industry, the Society of Elec- 
tricity, the Aeronautical League and the Society of Civil 
Engineers, but the first three of these societies admit members 
practically on their payment of dues, that is, without imposing 
effectively strict qualifications of admission, while the Society 
of Civil Engineers excludes from its membership engineers 
in the employment of the government. Hence, the higher 
class of engineers in France has really no common body to 
work out the larger aspects of engineering activity. (Sur un 
moyen efficace détablir la liaison entre la science et V indus- 
trie, A. Blondel, Le Génie Civil, vol. 69, no. 11, p. 169, Sep- 
tember 9, 1916, 3 pp. g.) 


Tur NATIONAL PuysicaL Lasoratory—Its Work and Aims, 
Walter Rosenhain 


The writer begins with a discussion of the relation between 
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science and industries, with special reference to conditions 
existing in Great Britain. 

Broadly speaking, scientific activities, from the point of 
view of their relation to industries, may be divided into three 
groups or phases which, while they necessarily overlap, yet 
afford a convenient and rational means of classification. In 
the first place the application of science to industry cannot 
be cultivated until we possess the “science” we are to apply. 
While even the existing body of scientific knowledge, as laid 
down in scientific publications, is in most fields considerably 
in advance of technical practice, one cannot rest content with 
merely this ready-made knowledge. If the application of 
science is to be fruitful and progressive science itself must 
also be progressive, It is 
as vital to keep abreast, and if possible ahead, of our rivals 
in pure scientific investigation and discovery as in the prac- 
tical application of its results. 


it must be living, growing science. 


EXPERIMENTAL PLANT 


The next phase is the transition from purely scientific to 
practical work. In order to make experiments.which give 
intelligible results or to obtain data which lend themselves to 
accurate calculations, the scientific worker is obliged to sim- 
plify the phenomena as far as he can. In the laboratory he 
uses for that particular purpose experimental devices in- 
tended to eliminate as far as possible all those disturbing fac- 
tors in which he is not interested, but when one comes to 
applying the results obtained by the pure science worker to 
practical ends an entirely different set of conditions is en- 
countered. For practical purposes we have to deal with 
natural phenomena as we find them, and have to produce the 
desired result in an approximate but efficient manner; in other 
words, we have to translate laboratory results into shop lan- 
guage. 

To make this somewhat clearer the author employs a metal- 
lurgical example. Suppose an investigator is studying the 
constitution and properties of a system of alloys of two 
metals. The proper course for him is to work with the chemi- 
cally pure metals, or with the nearest approach to them he 
can obtain. But after the investigation is completed and the 
technical worker is asked to render the alloy obtained in the 
laboratory available for practical use, he is probably im- 
mediately confronted with the fact that he cannot obtain on 
the market his metals of the the degree of purity employed 
by the investigator. Hence, an alloy which proved in the 
laboratory to be ductile and workable might easily prove 
brittle and useless when made in the works. In reality both 
results would be true but both must be more fully under- 
stood to be brought into mutual agreement. Further research 
is required to meet the difficulties which hamper proper ap- 
plication. Either means must be found to eliminate the injuri- 
ous impurities, or methods of working must be adopted 
whereby the influence of the impurities is in some way over- 
come. This part of the work must be done on a proper scale 
and may entail a much longer series of experiments, requiring 
elaborate appliances as well as numerous assistants. The erec- 
tion of such “experimental plants” and their running ex- 
penses entail very considerable financial demands. 


INDUSTRIAL WORKS ORGANIZATION 


The third step or phase in the application of science to 
industry lies in the industrial works themselves, where the men 
trained in pure and applied science should find room for their 
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useful activities. The first step for securing for science its 
proper status in the industries must be the creation of an ade- 
quate appreciation of science and its possibilities among those 
who control the industries, and the author calls attention in 
this connection to the fact that in Germany it was quite usual 
to elect scientific men to the boards of directors of great enter- 


prises. 
IDEAL NATIONAL LABORATORY 


From this the author proceeds to a discussion of what he 
calls the Ideal National Laboratory. Such a laboratory would 
be an institution for research, additional and supplementary 
to the work of universities and colleges, but one in which 
the educational bias is entirely absent and whose activities 
can, therefore, be directed in an entirely untrammelled manner 
to the solution of problems suggested by publie utility, scien- 
tifié importance, or industrial demand. Such an institution 
would possess a more or less permanent staff of investigators 
and their highly trained assistants, thus affording opportunities 
for long-continued researches which can searcely be under- 
taken by a professor working with successive generations of 
young students. The equipment of such an institution could 
be designed on lines free from educational considerations; 
apparatus and experimental plant could be set up, involving, 
if necessary, the permanent employment of skilled labor as 
well as scientific supervision. If only one or a very few 
such institutions were set up in the country, equipment could 
be earried out on a seale of cost which could not be reproduced 
at any considerable number of colleges, whereas appliances 
could be used which it would be unsafe to place in the hands 
or even within the reach of students. 

Such an establishment should occupy a unique position as 
a central national institution which would naturally undertake 
certain duties of a scientific or technical nature required by the 
government. In another direction, where certain industries 
required national aid on account of their vital nature as 
“key ” industries, the national central institution would pro- 
vide the government with the méans of affording the scientific 
assistance demanded. The Ideal National Laboratory would 
be in the closest possible touch with the most advanced scien- 
tific thought and would, if it fulfilled its functions properly, 
contribute largely to the advancement of pure science by 
utilizing its experimental resources to that end. At the same 
time, the institution would also be in useful touch with in- 
dustry, helping, advising, assisting, testing, taking up the 
special investigations proposed by industry and dealing with 
them in the laboratory and the experimental plant. 


NATIONAL PHYSICAL LABORATORY 


An ideal somewhat on these lines has actually been recog- 
nized by most of the great nations and each of them has 
worked out its own institution on characteristic lines. In the 
United States, as the speaker stated, we see the Bureau of 
Standards developing into an institution of very great size 
and of steadily increasing importance. In Britain the National 
Physical Laboratory was opened in 1901, making a very small 
and modest beginning at a time when the German national 
laboratories had already attained great size and reputation. 

The National Physical Laboratory is thus not yet 15 years 
old. At its inception the work was begun in a very tentative 
way and extensions have been made in a hesitating and 
guarded manner due to the difficulty with which the Labora- 
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tory authorities have obtained the requisite funds from the 
treasury. The Laboratory is not actually a government insti- 
tution. It is managed by a committee appointed by the Royal 
Society, and members of the staff of the Laboratory are em- 


-ployees of the Royal Societ, and not civil servants. The 


treasury makes a grant of £7000 to the Royal Society per 
annum towards the cost of the Laboratory and in return 
exacts certain conditions in regard to the work. This grant 
is entirely inadequate for the maintenance of the Laboratory, 
which is mainly supported by fees earned by itself (a large 
part of these fees are, however, derived from government 
sources). Further, technical institutions like the Institution 
of Mechanical Engineers, Institute of Civil Engineers, Insti- 
tute of Naval Architects and others have contributed to the 
Laboratory budget, in some cases by simple donations and 
more frequently by grants in aid of some definite scheme of 
research. 

The management of the Laboratory rests with an executive 
committee selected from the general board. On the latter are 
represented the scientific and technical institutions as well as 
certain government departments. The Laboratory itself is di- 
vided into four great departments dealing with Physies, En 
gineering, Metallurgy and Metallurgical Chemistry and the 
National Experimental Tank. 

The Laboratory serves also as the official laboratory of the 
Advisory Committee on Aeronautics, and the aeronautical 
work carried out in the Engineering and Metallurgy depart- 
ments constitutes an important separate division in each. 

Besides the director, superintendents (prominent engineers 
and scientists) and principal assistants, there is a large staff 
of sciertific assistants of various grades, as well as a large 
staff of others less highly trained but often of very great value 
and experience who are classed as “ observers,” and in addi- 
tion to this there is a complement of skilled workmen. Quite 
recently the policy of employing women on both the “ seien- 
tific” and “ observer” staffs has been initiated, and so far the 
result promises to be eminently satisfactory, although in the 
majority of cases women have merely been appointed to tem 
porary posts during the absence of men on military service. 


ENGINEERING RESEARCH 


Naturally the section most interesting to engineers is the 
Engineering Department, which comprises practically four 
sections devoted respectively to testing materials; testing and 
standardization of engineering apparatus, appliances, and 
machines; testing and investigation of road materials and 
roads, and aeronautics. All these sections work in close con- 
junction with the metallurgical department and which deals 
with all materials as such. 

One important result of the work in the Section of Testing 
of Materials has been the development of whole series of 
machines for the application of various mechanical tests to 
metals, and recently some of these have been extended to con- 
crete and timber. Among these methods of testing those 
known as “dynamic” in contradistinction to the ordinary so- 
called “static” tensile test have received the most attention. 
One of the first dynamic tests studied was the alternating 
stress test, in connection with which a machine has been devel- 
oped for applying alternate tension and compression to small 
test pieces, thus exposing them to alternations of direct stress 
in place of the alternate bend action which occurs in the 
original Woehler test. This led to an increased use of testing 
by means of direct alternating stresses, and incidentally it 
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has been shown that the time occupied by tests can be very 
much reduced as it has been found that an increase in the 
speed of alternations up to 2200 per minute does not affect 
the results of the tests. 

Another form of test developed in the Laboratory is that 
in which a notehed test piece is exposed to blows of a hammer 
of known weight falling from a known height and alternately 
striking the test piece on opposite sides. 

Results obtained from alternating stress tests of various 
kinds have led to the view that so long as a material is only 
exposed to stresses which nowhere exceed the true elastic 
limit, the material will resist an indefinite number of alter- 
nations; but so soon as plastic deformation is produced, even 
in a few isolated erystals, then failure will sooner or later 
occur under a sufficiently long-continued repetition of stresses. 
This led to an extremely interesting investigation on the sub- 
ject of elastic limit. 

The work of the Aeronautical Section has been touched 
upon only very slightly because of the secrecy covering all 
developments since the beginning of the European war. In 
general the work may be described as being of two kinds, 
first, a series of continued investigations for the purpose of 
establishing the fundamental principal data and formule 
which must govern aircraft de.ign, and seeond, testing actual 
models with a view of ascertaining their properties and be- 
havior in the air. 

Both lines of aeronautical work are pursued by means of 
scale models and the equipment of the Laboratory consists 
largely in appliances for measuring the forces aeted upon or 
exerted by these models when in motion relative to the air at 
known speeds. 

The development of aeronauties has practically created what 
has become known as the chemistry of aeronautics, which has 
already assumed a very high degree of importance. Appara- 
tus had to be designed, for example, for testing balloon or 
airship fabries for the power of retaining hydrogen gas. (The 
Journal of the West of Scotland Iron and Steel Institute, 
vol. 23, No. 6, p. 213, April, 1916, 66 pp., 32 figs. dA.) 


Steam Engineering 
BorLer Expansion Experiments, D. R. MacBain 


Data of tests made on the New York Central Railroad sys- 
tem to determine relative movements of firebox sheets and 
tubes under working conditions. 

From experiments made at various times it was found that 
the expansion of the outer sheets was greater in every case 
than that of the inner sheets, which would seem to account 
for the breakage of the back head and throat sheets along the 
outer row of staybolts, also for the vertical cracks in the side 
sheets as well as the cracks extending from the arch tube holes. 

It was also found by means of a needle connected with the 
inner throat sheet and passing through the outer throat sheeet 
that the inner tube sheet moved outward 3/32 in. when the 
fire was first started and before the circulation was fully es- 
tablished, and later, when steam pressure began to rise, back- 
ward about 1/16 in. The first movement throws some light on 
the cause of the side sheet cropping out along the fire line, as 
it does sometimes. 

Another source of trouble was found with the breakage of 
staybolts in some of the wide firebox engines. 

It was believed previously that the cause of these bolts 
breaking was the same as that which was responsible for the 
leaky side sheet seams, and further that the elimination of ex- 


cessive staybolt breakage would result in a cure for these 
leaky seams. With rigid bolts it was quite common to find any 
where from three to five or more bolts broken. An experiment 
was therefore tried on an Atlantic-type engine while it was 
undergoing repairs. A heavy template was fitted from the 
side of the boiler when the boiler was cold and was firmly 
clamped at its center to the boiler. The fit was very care- 
fully made. The engine was then fired up and the effect of 
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heating up the boiler to the point where 200 Ib. of steam was 
obtained caused the wrapper sheet to bulge out so that there 
was 3/32 in. opening between the template and the wrapper 
sheet at both ends of the template. This apparently explains 
the cause of the breakage of the staybolts. 

In order to determine whether this distortion of the boiler 
was caused by the pressure or the heat, the template was care- 
fully refitted and a pressure of 225 Ib. of cold water put on the 
boiler. The template retained its shape, which proved con- 
clusively that the distortion was due to the temperature and 
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not to the pressure. The application of three rows of flexible 
staybolts stopped the trouble and cured the leaky seams. 

The New York Central has also made experiments to deter- 
mine why the back and front tube sheets become deflected or 
distorted. It was believed that while the boiler was working 
and had a hot fire the expansion in the boiler proper, that is, 
between the tube sheets, was greater than in the tubes. An 
experimental set of tubes was installed in a large Pacific-type 
locomotive, each tube being given a drop of 15/16 in. at the 
center, but fastened at each end. A rod was fastened to one 
of the top tubes at the center and extended up through a 
stuffing box in the boiler shell, as shown in Fig. 7A, the outer 
end being attached to a recording device which would register 
the movements of the tube. Fig. B shows the result of a 
standing test from the time the fire was started until 200 lb. 
pressure in the boiler was obtained. Almost immediately after 
the fire was started the tube deflected still more until it had 
reached 14 in. It remained in this position for a short time 
and then it rose and was about ¥% in. above its normal posi- 
tion when the steam pressure began to rise. It rose gradually 
until 175 lb. pressure, and then rose rather abruptly. This 
rapid rise may have been due to the needle sticking a little in 
the stuffing box. Fig. C is the record of another test, namely, 
on a road trip from West Albany to Rotterdam Junction. 
The solid lines are readings taken when the throttle was open, 
and the dotted lines with the throttle closed and the engine 
drifting. It is seen that immediately upon starting the tubes 
began to deflect, and rose when the engine was not working 
steam. 
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An investigation was also made to determine the direction 
and extent of expansion in a tube sheet resulting from pros- 
sering a set of new tubes. A circle of as large diameter as 
possible was described on the tube sheet, and after the tubes 
had been set it was found that this circle had increased or had 
widened out 1/32 in. at the side and bottom and 3/32 in. at 
the top. It has been the experience there that the 3-in. radius 
for the tube-sheet flange will give better results than the 2-in 

Data on the relative movements of the back tube sheet to the 
throat sheet are given for the time from the moment the 
boiler is heated up and raised to 200 lb. pressure and released 
back to zero pressure. It was found that it is necessary to 
allow some freedom to the sheets longitudinally in order to 
avoid excessive strains being set up. 

A process is shown for patching the top of a tube sheet 
that had been cracked from the top of the tube holes up to the 
flange. (Railway Mechanical Engineer, vol. 90, no. 10, p. 
496, October, 1916, 41 pp., 13 figs. e.) 


CLASSIFICATION OF ARTICLES 


Articles appearing in the Survey are classified as c compara- 
tive; d descriptive; e experimental; g general; h historical; 
m mathematical; p practical; s statistical; t theoretical. Ar- 
ticles of especial merit are rated A by the reviewer. Opinions 
expressed are those of the reviewer, not of the Society. The 
Editor will be pleased to receive inquiries for further informa- 
tion in connection with articles reported in the Survey. 


SELECTED TITLES OF ENGINEERING ARTICLES 


AERONAUTICS 


DIAGRAMME LOGARITHMIQUE D'ENSEMBLE APPLICABLE AU CHOIX D'UNE 
HELICE, G. Eiffel. L’Aérophile, vol. 24, no. 15-16, August 1-15, 
1916, 4 pp. 


Logarithmic diagram for use in the selection of a propeller. 


L'ETAT ACTUEL DE P.. "AERODYNAMIQUE, L. Marchis. L’Aéroplile, vol. 
24, no. 15-16, + 1-15, 1916, 4% pp., 2 figs. 
The present state of aerodynamics, aerial article. 


FAUT-IL CONSTRUIRE DES ZEPPELINS? A. Poidloué. L’Aérophile, vol. 
24, no. 15-16, August 1-15, 1916, 1% pp. 
Is it necessary to build Zeppelins? 


LES BI-MOTEURS ALLEMANDS A. E. G., Jean Lagorgette. L’Aérophile, 
vol. 24, no. 15-16, August 1-15, 1916, 1% pp., 5 figs. 
Twin-engine German aeroplanes. 


AVIATION ENGINE DesiGn, J. G. Vincent. Automotive Bngineering, 
vol. 1, no. 1, September 1916, 3% pp. 


LA SIMILITUDINE MEcCcANICA, Letterio Laboccetta. Rivista di Aero- 
nautica, vol. 10, no. 5-6, December 31, 1915, 6% pp. 
Mechanical similitude in aircraft design. 


RELAZIONE FRA LA VELOCITA DEL VENTO, aoa 9183 ep Rivista 
di Aeronautica, vol. 10, no. 5-6, December 1915, 3 .» 2 figs. 
Velocity of wind phenomena. 


ESPERIENZE D1 IpDRODINAMICA, Giulio Costanzi. Rivista di Aeronau- 
tica, vol. 10, no. 5-6, December 31, 1915, 16 pp., 10 figs. 
Hydrodynamic experiments. 


RICERCA DI UN PROPULSORE AEREO. Rivista di Aeronautica, vol. 11, 
no. 1-2, April 30, — 5 pp., illustrated. 
Aerial propeller research 


AIR ENGINEERING 


TEMPERATURE, RELATIVE MOISTURE AND MOVEMENT OF AIR ESSENTIAL 
FEATURES IN VENTILATION OF Rooms. American Gas Light Jour- 
nal, vol. 105, no. 16, October 16, 1916, % p. 


Ca OF FRICTION OF AIR FLOWING IN ROUND GALVANIZED IRON 


J. E. Emswiler. Journal of the ——. Society of Heat- 
ing ar ane Ventilating Engineers, vol. 22, no. 4, July 1916, 4%4 pp., 


AUTOMOBILES 


AUTOMOBILE CUSHION SPRINGS, BE. Lake. Machinery, vol. 8, no, 
, September 21. 1916, 6 PP., li figs. 


RUNNING ON TOWN GAS, SHORTAGE OF GASOLINE DRIVES OMNIBUS 
PROPRIETORS IN ENGLAND TO TRY GAS AS FUEL—ESSENTIAL 
THINGS TO BE OBSERVED IN ENGINE TESTING—BRITISH PATENT 
Covers Device For PrRE-HEATING FUEL GOING TO CARBURETER, 
A. Ludlow (¢ mapas. The Automobile, vol. 35, no. 15, October 12, 
1916, 3% pp., 5 figs. 





DEVELOPMENT OF CAR PERFORMANCE Test. 8S. A. E. Bulletin, vol. 10, 
no. 6, September 1916, 4 pp. 


ENGINE TEMPERATURE ContTRKoL, C. F. Kettering. S.A. E. Bulletin, 
vol. 10, no. 6, September 1916, 12 pp. 


THE WoRKS OF THE MAUDSLAY Moror Co. The Automobile Engineer, 
vol. 6, no. 94, September 1916, 5% pp., 20 figs. 


Brake Design Nor Up To Par, A. Ludlow Clayden. The Automobile, 
vol. 35, no. 13, September 28, 1916, 2% pp. 


CONVENTIONS 


PROCEEDINGS THIRTY-SIXTH ANNUAL CONVENTION, AMERICAN WATER 
WorkKs ASSOCIATION. Journal of the American Water Works 
Association, vol. 3, no. 3, September 1916, 20 pp. 


Car INSPECTORS’ AND CAR FOREMEN’S CONVENTION. Railway Age 
Gazette, vol. 61, no. 15, October 13, 1916, 6 pp. 


THE BRITISH ASSOCIATION, Section G—Engineering: The Principles 
of Similitude, Standardization, Lubrication, Electrical Ignition, 
Operating Diesel Engines with Low Com ressions, Gaseous Ex 

osions. Engineering, vol. 102, no. 2646, September 1916, 3% 
pp. 


COMMITTEE ON REVISION OF STANDARD SPECIFICATIONS FOR CAST-IRON 


Pire AND SPECIALS. Journal of the American Water Works Asso- 
ciation, vol. 3, no. 3, September 1916, 2% pp. 


DRYING 


COMMERCIAL DryINnG Apparatus, L. P. Dwyer. Journal of the Ameri- 
ean Society of a and Ventilating Engineers, vol. 22, no. 4, 
July 1916, 6 p 


DryinG BY Arn CurRRENTS. The Practical Engineer, vol. 54, no. 1544, 
September 28, 1916, 2 pp., 8 figs. 


ENGINEERING MATERIALS 


THE PROTECTION OF Enew BY ELECTROPLATING, Oliver P. Watts and 
Paul L. DeVerter. A paper presented at the Thirtieth 
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vocting of the American Electrochemical Society, held in New 
York City, September 28-30, 1916, 11% pp. 


SOME COPPER-ALUMINUM-IRON ALLOYS, W. M. Corse and G. F. Com 
stock. A paper presented at the Annual Me eting of the American 
Institute of Metals, September 11-15, 1916, at Cleveland, O., 14 
pp., 14 figs. 


PHYSICAL TESTS ON COMMON HIGH BRASS TAKEN PARALLEL AND A1 
RIGHT ANGLES TO THE DIRECTION OF ROLLING, Wm. B. Price and 
Philip Davidson. A paper presented at the Annual Meeting ot 
the American Institute of Metals, September 11-15, 1916, at Cleve- 
land, O., 32 pp., 5 figs., 5 plates. 


REPORT ON A SERIES OF COMPARATIVE TESTS OF ZIN« co (Ss Cv-10 
SN-2 ZN) STANDARD Test Bars, C. P. Karr. A pa presente 
at the Annual Meeting of the American Institute o Met: als, Sep 
tember 11-15, 1916, at Cleveland, O., 12 pp. 


STRESS PRODUCED BY BURNING-IN MANGANESE BRONZE, Paul D. Merica 
and C,. P. Karr. The Foundry, vol. 44, no. 290, October 1916, 2% 
pp., 4 ‘figs . 


THE PRESERVATIVE TREATMENT OF FarM TIMBERS, George M. Hunt 
Farmers’ Bulletin, no. 744, September 21, 1916, 32 pp., 17 figs. 


INFLUEN« E OF SOME ELEMENTS ON THE MECHANICAL PROPERTIES OF 
STEEL, J. E. Stead. Iron and Steel Institute, paper read at Au 
tumn Meeting, September 21-22, 1916, 91 pp., 4 figs. 


NOTES ON THE EFFECT OF BLAST-FURNACE GASES ON WROUGHT IRON, 
E. Stead. Iron and Steel Institute, paper read at Autumn 
Meeting, September 21-22, 1916, 6 pp., 3 figs. 


NOTES ON PEARLITE, Henry M. Howe and Arthur G. Levy. Iron and 
Steel Institute, paper read at Autumn Meeting, September 21-2 
1916, 23 pp., 2 figs. 


THE INFLUENCE OF HEAT TREATMENT ON THE THERMO-ELECTRIC PROP 
ERTIES AND SPeEciFIC RESISTANCE OF CARBON STEELS, Edward D 
Campbell. Iron and Steel Institute, paper read at Autumn Me { 
ing, September 21-22, 1916, 18 pp., 8 figs. 


SOME PrROrERTIES OF INGors, A. W. and H. Brearley. Iron and Stee! 
Institute, paper read at Autumn Meeting, September 21-22, 1916, 
33% pp., 32 tigs. 


AcID RESISTING ALLoys, W. C. Carnell. The Journal of Industrial 
and Engineering Chemistry, vol. 8, no. 10, October 1916, 11 pp 


INITIAI TEMPERATURE AND CRITICAL COOLING VELOCITIES OF A CHRO 
MIUM STEEL. The Foundry Trade Journal, vol. 18, no. 177, Sep 
tember 1916, % p. 


FOUNDRY 


MAKING AN E1GuT-Ton KEeTrLe CASTING IN A Dry SAND MOULD 
Canadian Foundryman, vol. 7, no. 2, February 1916, 2 pp., 6 figs 

How Brass ASHES ARE ECONOMICALLY RECLAIMED, Arthur F. Tag 
gart. The Foundry, vol. 44, no. 290, October 1916, 24% pp 


How TO GATE AND HEAD Sreet CasTinGs Prorveriy, Ralph D. West 
The Foundry, vol. 44, no. 290, October 1916, 6 pp., 31 figs. 


THe Brass Founpnry, E. A. Barnes. A paper presented at the Annual! 
Meeting of the American Institute of Metals, September 11-15, 
1916, at Cleveland, O., 5 pp. 


Di£E-CASTING APPARATUS. The Mechanical Engineer, vol. 38, no. 976 
October 6, 1916, 4 p., 1 fig. 


FUELS 


STATIONARY BOILERS FIRED BY PULVERIZED COAL ON THE MISSOURI, 
Kansas & TEXAS. Railway Age Gazette, vol. 61, no. 13, Septem 
ber 29, 1916, 2% pp., illustrated. 


PULVERIZED FUEL FOR STATIONARY BOILERS ON THE MISSOURI, KANSAS 
TEXAS. Railway Mechanical Engineer, vol. 90, no. 10, October 
1916, 2% pp., illustrated. 


DrY PREPARATION OF BITUMINOUS COAL AT ILLINOIS MINES, E. A. Hol 
brook. University of Illinois Bulletin (no. 88), vol. 13, no. 45, 
June 26, 1916, 128 pp., 26 figs. 


FURNACES 


NeW ANNEALING FurNAcE. The Iron Age, vol. 98, no. 12, September 
21, 1916, 1% pp., illustrated. 


ARTIFICIAL GAS-FIRED FURNACE INSTALLATION, Charles E. Richard 
son. The Journal of Industrial and Engineering Chemistry, vol 
8, no. 10, October 1916, 2% pp., 5 figs. 


NOTES ON THE TESTING OF WARM AIR FuRNAcES, R. W. Davenport. 
Journal of the American gr of Heating and Ventilating 
Engineers, vol. 22, no. 4, July 1916, 6 pp., 2 figs. 


HANDLING OF MATERIALS 


PORTABLE LOADING AND UNLOADING MACHINES FOR MARINE TERMINALS, 
Harwood Frost. Marine Engineering, vol. 21, no. 10, October 
1916, 2 pp., 4 figs. 


A LARGE REINFORCED CONCRETE COALING PLANT. Railw =f Age Gazette, 
vol. 61, no. 18, September 29, 1916, 3 pp., illustra 


RECLAMATION ON THE Rock ISLAND, J. G. Kirk. Railway Age Gazette, 
vol. 61, no. 14, October 6, 1916, 2 pp., illustrated. 


HEATING 


DESIGN AND OPERATION OF FRACTIONAL VALVES, James A. Donnelly. 
Journal of the American Society of Heating and Ventilating Engi 


neers, vol, 22, no, 4, July 1916, 514 pp., 3 figs. 


HYDRAULICS 


Low LEVEL PUMPING STATION, MONTREAL CITY WATERWORKS The 
Power House, vol. 9, no. 2, February 1916, 3% pp., 5 figs. 


STANDARD SPECIFICATIONS FOR HYDRANTS AND VALVES. Journal of the 
American Water Works Association, vol. 3, no. 3, September 
1916, 10 pp., illustrated. 


SUR LES MODIFICATIONS DES COUPS DE BELIER DANS LES CONDUITES 
DEPAISSEUR ET DE DIAMETRE VARIABLES, M. Denis Eydoux. 
Comptes Rendus des Séances de L’Académie des Sciences, vol 
163, no. 11, September 11, 1916, 4% pp. 

Variation of water hammer in pipes of variable thickness and diam 
eter 


INTERNAL COMBUSTION ENGINEERING 
DIESEL ENGINES witH Low Compression, W. H. Watkinson. The 
Engineer, vol. 122, no. 3169, September 22, 1916, % p., 7 figs 


DesiGnN OF GaS ENGINE CYLINDERS, E. Planche. S. A. E. Bulletin, 
vol. 10, no. 6, September 1916, 4 pp 


MACHINE PARTS 
ALL GeaRED HEAD FoR Screw MacuiIne, Oskar Kylin. The Iron Trade 
Review, vol. 59, no. 14, October 5, 1916, 1 p., 1 fig. 


FacTors IN UNIVERSAL JOINT DesiGn, A. Ludlow Clayden 8S. A. E 
Bulletin, vol. 10, no. 6, September 1916, 14 pp., 14 figs 


BRACKETS ON STancuions, W. T. 8. Butlin. Engineering, vol. 102, 
no. 2646, September 15, 1916, 1% pp., 21 figs. 


Tests or Track BoLTS AND Wrencues, Earl Stimson. The Iron 
Trade Review, vol. 59, no. 13, September 28, 1916, 2% pp., 4 figs. 

DovuBLe RepucTioN GEAR WITH FLEXIBLE WHEELS, constructed by the 
General Electric Company, Sc he necté ady, N. ¥ Engineering, vol. 
102, no, 2649, October 6, 1916, % p., 3 figs. 


ALLOY HAMMER BOLTS OUTLAST STEEL ONES. Steel and Iron, vol. 50, 
no. 9, September 1916, % p 


MACHINE SHOP 
THE GRINDING OF HIGH Spreep STeexs, C. E. Gillett. The Iron Trade 
Review, vol. 59, no. 14, October 5, 1916, 2 pp., 2 figs. 


PRESSING AND STAMPING METALS, Oberlin Smith. The Engineering 
Magazine, vol. 52, no. 1, October 1916, 7 pp., 19 figs. 


Sine Bar APPLICATIONS, Donald Baker. Machinery, vol. 23, no. 2, 
October 1916, 4 pp., 7 figs. 


REFERENCE WORKING AND INSPECTION GAGES. Machinery, vol. 23, no. 
2, October 1916, 9 pp., 10 figs. 


METHODS OF MEASUREMENTS. Machinery, vol. 23, no. 2, October 1916, 
8 pp., 17 figs. 

GAGING AND INSPECTION METHODS, Douglas T. Hamilton. Machinery, 
vol. 23, no. 2, October 1916, 5% pp., 4 figs. 


Limit Gavuces, Dr. R. T. Glazebrook. The Mechanical Engineer, vol. 
38, no. 973, September 15, 1916, 2% pp., 3 figs. 


ELEcTRIC WELDING In Boi_Ler SHor Repairs, P. BE. Gallagher. Stee! 
and Iron, vol. 50, no. 9, September 1916, 2% pp. 


MECHANICS 


ERMITTELUNG EINES GENAUEN DIAGRAMMS DER KREUZKOPFAUSLENKUN 
GEN BEI KURBELGETRIEBEN, SCHWEIZERISCHE BAUZEITUNG, vol. 68, 
no. 12, September 16, 1916, 2 pp., 7 figs. 

Derivation of the crosshead diagram for crank mechanisms. 


CRITICAL SPEEDS OF SuHarTs, William Knight. American Machinist, 
vol. 45, no. 12, September 21, 1916, 3 pp., 5 figs. 


THE WHIRLING Speep or SHarrs, W. M. Wallace. The Engineer, vol. 
122, no. 3167, September 8, 1916, 1% pp., 6 figs. 


CALCULATION OF SCALE MEMBERS, EPugene Motchman. Railway Review, 
vol. 59, no. 13, September 23, 1916, 2 pp., 7 figs. 


MUNITIONS 


THe MANUFACTURE OF RUSSIAN 3 IN. HIGH EXPLOSIVE SHELLS. Cana- 
dian Machinery, vol. 16, no, 15, October 12, 1916, 56% pp., 17 figs. 





946 ENGINEERING SURVEY 


MAKING THE SMALL PARTS OF THE BritTiSu TiME Fuss, Fred H. Col- 
vin. American Machinist, vol. 45, no. 13, September 28, 1916, 4 
pp., 15 figs. 


PAINTING 


THe Spraco Painr Gun. Compressed Air Magazine, vol. 21, no, 10, 
October 1916, 1 p., 1 fig. 


EFFECTS OF WATER AND OIL CLEANING METHODS ON Paint, W. A. Bu 
chanan. Railway Age Gazette, vol. 61, no. 12, September 22, 1916, 
1 
4 p. 


RAILROAD ENGINEERING 


ETUDE SUR LA RESISTANCE DES TRAINS, FORMULES EMPIRIQUES REPRE 
SENTANT LA RESISTANCE TOTALE D’'UN TRAIN, H. Parodi. La Lu- 
miére Electrique, vol. 34, no. 36, September 2, 1916, 8% pp., 10 
figs. 

Train resistance (serial article). 


Hoprer Car OF 200,000 Lp. Capacity. Railway Age Gazette, vol. 61, 
no. 14, October 6, 1916, 3% pp., illustrated. 


NEW STANDARDS IN PASSENGER CAR CONSTRUCTION, the Pullman Co. 
Railway Review, vol. 59, no. 15, October 7, 1916, 5 pp., illustrated. 


Heavy FreiGguHr Locomorives, Duluth, Missabe & Northern Ry. Rail 
way Review, vol. 59, no. 15, October 7, 1916, 1% pp., Illustrated. 


Four-CYLINDER ATLANTIC TYPE LOCOMOTIVE, Great Northern of Eng 
land. Railway Mechanical Engineer, vol. 90, no. 10, October 1916, 
1% pp., illustrated. 


BRITISH BUILT PASSENGER LOCOMOTIVES FOR FRENCH STATE RAILWAYS. 
The Engineer, vol. 122, no. 3170, September 29, 1916, 2% pp., 5 
figs. 


MIKADO TyPE LOCOMOTIVES FOR THE ForT SMITH WESTERN R. R. The 
Railroad Herald, vol. 20, no. 10, September, 1916, % pp., illus 
trated. 


Test oF Locomorives, D. R. McBain. Railway and Locomotive Engi 
neering, vol. 29, no. 10, October 1916, 2 pp., 7 figs. 


SanTA Fe Tyre LOCOMOTIVE FOR THE Erik. Railway and Locomotive 
Engineering, vol. 29, no. 10, October 1916, 1 p., illustrated 


LOCOMOTIVE PROBLEMS THAT DEMAND SOLUTION, George M. Basford. 
Railway Age Gazette, vol. 61, no. 13, September 29, 1916, 2 pp. 


LOcOMOTIVE BoILer Erriciency, J. T. Anthony. Railway Mechanical 
Engineer, vol. 90, no. 10, October 1916, 4 pp., 3 figs. 


SUPERHEATER PERFORMANCE ON LOCOMOTIVES. Railway and Locomo 
tive Engineering, vol. 29, no. 10, October 1916, 2 pp., 2 figs. 


ErriclENT AND ECONOMICAL LUBRICATION OF LOCOMOTIVES AND CARS, 
D. L. Eubank. Proceedings of the Southern & Southwestern Rail 
way Club, vol. 13, no. 10, July 1916, Fourth Bi-Monthly Meeting, 
15 pp. 


RELATION OF SLID FLAT WHEELS TO UNIFORM RETARDATION, W. V. 
Turner. Railway and Locomotive Engineering, vol. 29 no. 10, 
October 1916, 144 pp., 3 figs. 


INITIAL STRAINS IN STEEL RAILS. The Iron Age, vol. 98, no. 12, Sep- 
tember 21, 1916, 1 p. 


RAIL FAILURES AND TEMPERATURD. Railway Age Gazette, vol. 61, no. 
14, October 6, 1916, % p., illustrated. 

SEGREGATED STREAKS IN STEEL RAILS, George F. Comstock. Bulletin 
of the American Railway Engineering Association, vol. 18, no. 188, 
August 1916, 14 pp., 15 figs. 


MACHINES FOR BREAKING AND PUNCHING RAILS. Engineering, vol. 102, 
no. 2648, September 29, 1916, % p. 


COMMERCIAL MOTOR VEHICLES FOR RAILWAY AND INDUSTRIAL PURPOSES. 


Railway Gazette, vol. 25, no. 10, September 8, 1916, 5% pp., illus- 
trated. 


REFRIGERATION 


THE SMALLEST COOPER SYSTEM COLD STORAGE PLANT. Cold, vol. 7, no. 
12, October 1916, 1% pp., illustrated. 

THE DESIGN, CONSTRUCTION AND OPERATION OF A THOUSAND Ton Am- 
MONIA COMPRESSION REFRIGERATING MACHINE, F. L. Fairbanks. 
A. 8. R. E. Journal, vol. 3, no. 2, September 1916, 18% pp., 6 figs. 


THe FLow oF SUPERHEATED AMMONIA GAS IN Pipes, Edward F. Miller. 
A. 8. R. E. Journal, vol. 3, no. 2, September 1916, 3 pp., 1 fig. 


THE COMPOSITION OF SOUND AND FROZEN LEMONS WITH SPECIAL REF- 
ERENCE TO THE HFFECT OF SLOW THAWING ON FROZEN LEMONS, 
H. 8S. Bailey and C. P. Wilson. The Journal of Industrial and 
Engineering Chemistry, vol. 8, no. 10, October 1916, 2 pp. 


SAFETY ENGINEERING 


SAFEGUARDS USED ON MACHINE AND WooD-WORKING TOOLS aT THE 
SHOPS OF THE QUEEN & CRESCENT ROUTE, SOMERSET, Ky. Rail- 
way Review, vol. 59, no. 16, October 14, 1916, 1% pp., 8 figs. 


Tue JOURNAL 
Am.Soc.M.E. 


PROTECTION FOR THE EYES OF SHOV EMPLOYEES, Pennsylvania Railroad 
R. H. Newman. Railway Review, vol. 59, no. 16, October 14, 1916, 
1 p., illustrated 


STEAM BPNGINEERING 


A COMPARATIVE STrupy IN MEDIUM-SPEED STEAM ENGINE DESIGN, F. 8 


Bauer. The University of Colorado Journal of Engineering, vol. 
12, no. 2, February 1916, 4 pp., 1 fig. 


Wary BoiL_er Tuses Neep Nor Br Sussecr TO COARSENING, Henry M. 
Howe. Metallurgical and Chemical Engineering, vol. 15, no. 7, 
October 1, 1916, 4 p. 


BOILER EXPANSION EXPERIMENTS, D. R. McBain. Railway Mechanical 
Engineer, vol. 90, no. 10, October 1916, 3% pp., 13 figs. 


Soor BLOwERS. Practical Engineer, vol. 20, no. 19, October 1, 1916, 
4% pp., 11 figs 


THE DEVELOPMENT OF 'THE SMOKELESS BOILER, Charles L. Collette 
The Heating and Ventilating Magazine, vol. 13, no. 10, October 
1916, 4 pp., illustrated. 


BOILER CORROSION BY MAGNESIUM CHLORIDE, James Scott. The Rall 
way Engineer, vol. 37, no. 441, October 1916, 1% pp., 3 figs. 
POWER FOR LAW MAKING, PRINCIPAL STaTE BUILDINGS AT SPRING 

FIELD, ILL., FURNISHED Licgu?, HEAT AND POWER FROM MODEKN 
PLANT EQUIPPED WITH UNIFLOW ENGINES AND CROSS DRUM 
WATER-TUBE BOILERS Practical Engineer, vol. 20, no. 20, Octo 

ber 15, 1916, 7% pp., 12 figs. 


- = 


THERMODYNAMICS 


HEAT TRANSMISSION THROUGH BUILDING MATERIALS, John R. Allen 
Journal of the American Society of Heating and Ventilating En 
gineers, vol. 22, no. 4, July 1916, 8% pp., 4 figs. 


THE TESTING OF THERMAL INSULATORS, H. C. Dickinson and M. 8 
Jan Dusen. A. 8S. R. E. Journal, vol. 3, no. 2, September 1916, 
21 pp., 5 figs. 


SUR LA DETERMINATION DE L’EQUIVALENT MECANIQUE DE LA CHALEUR 
PAR LE PROCEDE DE Hirn, M. L. Hartmann. Comptes Rendus des 
Séances de L’Académie des Sciences, vol. 163, no. 9, August 28, 
1916, 2 pp. 

Determination of the mechanical equivalent of heat by the Hirn 
process. 


VARIA 


LABOUR AND THE WAk: THE EMPLOYMENT OF WoMeN. The Railway 
News, vol. 106, no. 2752, September 30, 1916, 1 p 

THE ATLANTIC REFINING COMPANY’S PHILADBLPHIA PLant, J. D 
Grill. Proceedings of the Engineers’ Club of Philadelphia, vol 
33, no. 143, October 1916, 14 pp., illustrated. 


MANUFACTURING AND POWER EQUIPMENT OF A SHINGLE MILL. A. F 
Menzies. Canadian Machinery, vol. 16, no. 15, October 12, 1916 


3 pp., 5 figs. 


AN ANALYSIS OF MODEL ScREW PROVELLER EXPERIMENTS, 8. 
Journal of the Society of Naval Architects, vol. 19, 
1916, 4% pp., 1 fig. 


Motora. 
September 


NOTE ON THE VALUE OF ANNEALING THE CONNECTING ATTACHMENTS 
ON WINDING PLANTS, J. A. Vaughan. The Journal of The South 


African Institution of Engineers, vol. 15, no. 2, September 1916, 
3% pp., 4 figs. 


CHARTS 


CHART FOR DETERMINING THE CosT OF COAL ON THE HEAT VALUE 
Basis. Railway Review, vol. 59, no. 13, September 23, 1916. 


CHART FOR DETERMINING THE EXPANSION OF METALS, W. F 
horst. Railway Mechanical Engineer, vol. 90, 
1916. 


Schap 
no. 10, October 


ZENITH NOMOGRAPH FOR DISPLACEMENT 1ND GAS VELOCITIES. The 
Automobile, vol. 35, no. 15, October 12, 1916. 


THE CAPACITY OF A COAL PILE (Given diameter and height, the chart 
shows the tonnage of the coal pile, or for a given tonnage, one 
may ascertain the diameter necessary with a given height). The 
Iron Age, vol. 98, no. 13, September 28, 1916. 


SinE Bar AppLicaTions, Donald Baker. Machinery, vol. 23, no. 2, 
October 1916. 


-— showing constants for 5-inch sine bar, p. 121 and also p. 
DIAGRAMME LOGARITHMIQUE D'ENSEMBLE APPLICABLE AU CHOIX D'UNE 
HELICE. L’Aé€rophile, vol. 24, no. 15-16, August 1-15, 1916 


CHART FOR MEASURING BELTING IN ROLLS. Mill Supplies, vol. 6, no. 
10, October 1916. s 
HELPFUL HINTS FOR DESIGNERS AND DRaFTsMEN. Automotive Engi- 
neering, vol. 1, no. 1, September 1916. 
Chart showing centrifugal force of rotating masses with relation to 
diameter of mass center and rotating speed. 


THE ECONOMY OF TRACTOR AND TRAILER, H. 8. Dye. Automotive Bngi- 
neering, vol. 1, no. 1, September 1916. 


Chart for figuring ability of motor truck in tractive effort. 
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